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MADE BY THE R. K. LE 
BLOND MACHINE TOOL 
CO. EQUIPPED WITH 
CUTLER-HAMMER MO- 
TOR CONTROL, 








In the never-ending struggle for business, there are 
a few manufacturers in every field who fare extraor- 
dinarily well. These manufacturers become 
acknowledged leaders. Their products are widely 
accepted as the best. Their names become ‘‘buy- 
words” for assured satisfaction. To any thinking 
person, the meaning must be clear. These compa- 
nies gain preferred position only because their 
products merit approval. And to hold this advan- 
tage these companies must follow a policy of scru- 
pulous attention to every detail that influences 
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FAIRBANKS-MORSE TURBINE 
FIRE PUMP EQUIPPED WITH 
CUTLER-HAMMER FIRE PUMP 

CONTROL AS APPROVED BY THE 
rf UNDERWRITERS’ LABORATORIES 
AND FACTORY MUTUAL. 
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CHERRY-BURRELL HEAVY 
DUTY SANI-DRUM CHURN 
MADE BY CHERRY-BURRELL 
CORPORATION AND 
EQUIPPED WITH CUTLER- 
HAMMER MOTOR CONTROL. 








HEIL MODEL 24-24 HAM- 
MERMILL MACE BY THE 
HEIL CO. CUTLER-HAMMER 
MOTOR CONTROL IS 
FURNISHED AS STANDARD 
EQUIPMENT. 


CUTLER: HAMI«E R 


The meaning is clear 


product performance in the user’s hands. One more 
conclusion is inescapable. That machinery manu- 
facturers who win and hold leadership in their 
fields, so continuously and repeatedly select 
Cutler-Hammer Motor Control for their machines 
speaks volumes for the dependability of this con- 
trol. The meaning for you could not be clearer. 
Cutler-Hammer Motor Control is a profitable 
choice for you as well. CUTLER-HAMMER, Inc., 
1310 St. Paul Ave., Milwaukee 1, Wis. Associate: 
Canadian Cutler-Hammer, Ltd., Toronto, Ontario. 
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Every Man His Own Prospector 


If all the machines, mechanical 
and electrical equipment and ap- 
pliances in the Sears, Roebuck cat- 
alog were collected in one place 
the exhibit would represent a siz- 
able sample of the work of our 
readers. In addition to the usual 
lines of motors, engines, tractors, 
lawn mowers, refrigerators, clothes 
washers, farm machinery, etc., the 
1953 catalog offers an item with 
the intriguing title “portable scin- 
tillation counter for prospecting 
for radium from moving vehicles 
and the air.” 


The Engineering Story 


As part of the effort to stimulate 
interest in engineering among 
youngsters, the Advertising Council 
has published an excellent booklet 
on “How Your Company Can Help 
Promote Engineering As a Career.” 
Prepared at the request of the En- 
gineering Manpower Commission 
of Engineers Joint Council, the 
booklet includes a chapter entitled 
“The Engineering Story” which 
highlights the advantages of being 
an engineer. As an established 
engineer, you should be interested 
in knowing why your choice of a 
career was such a happy one, so 
here are a few excerpts: 

“Engineers do interesting and 
exciting work. More than any 
other group, engineers are men 
who dream (in a practical way) 
and actually make their dreams 
come true—for the benefit of all. 

“Engineers do useful, necessary 
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work. And what will be new and 
good and useful in the years ahead 
will in great part be the engineer’s 
to discover, invent, develop and pro- 
duce. 

“The engineering profession of- 
fers a tremendous variety of work 
to choose from. There is an en- 
gineering position suited to about 
every temperament, every talent, 
every taste. 

“Engineers are equipped with a 
marketable ability. For years to 
come engineers will have something 
industry needs, wants, and is ready 
to buy—-specialized, technical train- 
ing. A marketable ability is the 
only true security. 

“Engineers have limitless oppor- 
tunities. The man with an engi- 
neering background has a great fu- 
ture open to him and finds many 
paths leading to that future.” 

Some useful thoughts to leave 
with that promising young man 
in your family or neighborhood? 


This Month's Cover 


Many of our front covers are 
somewhat fanciful; others embody 
simplici‘y in the extreme. This 
month we are giving you a rather 
specific subject to look at and fig- 
ure out. We wanted to symbolize 
the theme of this special “Drives 
and Controls” issue, and-at the same 
time recognize Hadekel’s funda- 
mental article on hydraulic circuits 
which is its principal feature, 
Page 185. What you see is an 
adaptation of an actual circuit, 
which Penton artist George Farns- 
worth found in a schematic view 
of a hydraulic diesel engine gov- 
ernor made by Dale Hydraulic 
Controls Inc. Just to show that 
hydraulics offer only one of several 
ways of governing an engine or 
other prime mover, you will find 
an electronic governor announced 
on Page 276. 
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APRIL 


Facts or Prejudice? 


given to a team, political party, lodge, or what have you, he is in large 

degree relieved of further critical thought. His emotions and the attitude 
of his fellow partisans create a highly subjective state of mind that is uncom- 
plicated by mental turmoil. 


| T IS IN the nature of man to be partisan. Once his allegiance has been 


Of course, engineers with their analytical minds and objective approach 
display none of these human frailties. Or do they? Try criticizing (construc- 
tively of course) a pet theory or design which a group of engineers has de- 
veloped and see how thin is the objective veneer that covers the emotions. 


When applied to human activities like sports and politics the emotional, 
partisan, subjective approach is to be expected. But when scientifically trained 
people who should know better allow prejudice to sway their judgment in 
engineering matters it is a serious reflection on their good sense. 


In no branch of design engineering is the temptation to let prejudice over- 
rule judgment greater than in the selection of machine drives and controls. 
Partisan spirit is rife, which is only natural among those who design and 
manufacture for sale particular systems and components—mechanical, electrical, 
electronic, hydraulic, pneumatic, and so forth. But the design engineer who 
buys these systems and components for controlling and driving machines of 
his own design cannot afford the luxury of prejudice. Each new development 
must be reassessed and judged on its merits regardless of previous experience 
with similar systems or components or even with their manufacturers. 


Throughout the months and years, and with extra emphasis each April 
issue, MACHINE DESIGN presents as well-rounded a picture of the entire machine 
drives and controls field as the editors and advertisers can bring together. 
Back of the information in these pages stand the resources of entire industries 
and the results of research and development costing many millions of dollars. 
With such powerful aids to judgment the design engineer has at hand the 
means for arriving at sensible, objective decisions—decisions made on the basis 
of facts rather than prejudice. The competent designer knows his facts and 
how to use them. There is no place for prejudice. 
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AUTOMATIC 
RELAY 
CONTROL 


Magnetic relays, often 
used only as auxiliary 
equipment, also possess 
definite advantages as 


major units in sequenc- 
N THE past few years, much has been said about 
ing and es machines that are supposed to think, or have a 
trols. Possible areas of memory. Actually, at the present time, this stage 
of development has not been reached, and machines 
eS ae breed, os are only capable of working from material supplied 




























shown by the versa- from a human brain doing the thinking. The so-called 

tile telephone-type re- “memory” consists of ability to record and store infor- 
mation in a varying amount, according to the size ol 

lay control discussed the storage mechanism provided, and then utilizing 


this stored information for future operations. Thes: 
operations can be incorporated in machines by me- 
chanical or electrical methods, or a combination 
both. 

The trend in manufacturing design has been ' 
make machines more and more automatic. Larg 





By Eric Brooke production machines designed for a single item ha 

. mechanical controls built in for each step in the pr: 
The errs eng ae duction procedure. However, not all production = 
Galion, Ohio cedures can utilize a single-application machine ¢!! 


ciently, and there is a demand for machines designe“ 
so that the program can be changed to permit a vi- 
riety of production setups, and so utilize the machin 
time efficiently. 

In these cases, electrical controls, Fig. 1, have som 
definite advantages. Mechanical connections, difficu!' 
to line up and maintain, can be eliminated. Contro! 
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Fig. 1 — Left — Nailing 
machine utilizes versatile 
relay controls for setting 
up nail patterns and 
sequence of operations 





ling circuits can be switched rapidly to other se- 
quences or disconnected, permitting quick setups for 
different operations. While such changes can be made 
with mechanical controls, they usually involve the 
physical changing of gears, cams, indicating wheels, 
etc., and require the services of skilled personnel. 
Electrically controlled units, however, may be ar- 
ranged with the circuits operating through switches 
on a control panel, so that semiskilled or nonskilled 
help can easily change to any program available in the 
machine. In certain simple operations, direct elec- 
trical control can be provided with limit switches, 
which operate or reverse electric motors that perform 
the necessary control or operating functions. This 
method, however, is restricted to a small number of 
predetermined functions. Where a machine must 
perform a number of different functions in which the 
various sequences can be readily changed, and a flex- 
ible arrangement of recording and advancing se- 
quences of operation is desired, relay contro] presents 
interesting possibilities. 


’ Using Telephone Type Relays: A relay is a magnet- 
ically operated switch for controlling one or more 
circuits, either locally or between remote units. Con- 
trolled circuits can involve other relays, signals, or 
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Fig. 2—Center—Telephone type re- Fig. 3—Above—Multicon- 
lay with three Form C contacts, hav- 
ing a short operating time, is well- 
suited for machine control circuits 


tact relay with 24 Form A 
contacts is used as a sole- 
noid relay in the control 








mechanical devices. Readily adapted for . machine 
control functions, the telephone type relay, Fig. 2, 
has a long history of reliable, trouble-free operation. 
Such relays have an operating time of between 10 and 
15 milliseconds. 

When this type of relay is used in automatic tele- 
phony, instructional information is delivered by means 
of electrical pulses from the telephone subscriber’s 
dial. The relays themselves establish connections in 
“all-relay” systems, or control the operation of the 
mechanical switches in other systems. Adapting this 
type of relay for machine control, therefore, involves 
only another application of its original function. In 
fact, a simpler arrangement is possible, because the 
information can be established by means of push- 
buttons or switches rather than dial pulses. Only a 
relatively small number of sequences are required on 
a repetitive basis as compared to the flexible arrange- 
ment provided in a telephone exchange, where any line 
or trunk can connect to any other line or trunk in 
the office. 

Relay circuits are susceptible to very little operating 
trouble, which can usually be classed as: (1) opens in 
the operating circuit, (2) contact failures, or (3) 
shorts in the insulation. All of these can practically 
be eliminated by correct design and manufacturing 
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techniques. Operating circuits should be carefully 
designed so that conductors are of adequate size and 
will not be damaged during machine manufacture, 
thus causing trouble or damage in operation. All 
connections should be soldered, and wire should be 
of a type that is not likely to be nicked during skin- 
ning operations. Coils should be of adequate size, so 
that unduly fine wire is not required, and windings 
should be properly terminated, so that strain does not 
occur on the fine wire ends. Flexibility should be 
provided where movement is likely to be encountered. 

Contact trouble can be reduced to a negligible factor 
by providing contacts with good follow and pressure, 
correct material, and proper protection against spark 
erosion. Relatively simple dust covers protect the 
relay from failure due to foreign material or films col- 
lecting on the contacts, since contacts are to a large 
extent self-cleaning. 

Preventing insulation failure is merely a matter of 
selecting insulating material of suitable dimensions 
and dielectric strength, and being sure that manufac- 
turing processes do not damage the insulation abilities 
of this material. Dust covers provided for contact 
protection should also provide protection against 
shorts caused by foreign metallic particles. 

Being of sturdy design, most telephone type relays 
are not particularly susceptible to vibration or shock 
damage. If these factors are extreme, then a shock 
mounting for the relay control units may be necessary. 
Slight vibration is more of an advantage than a prob- 
lem. 


Current-Carrying Capacity: In designing machine 
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control circuits using telephone type relays, consid- 
eration must be given to the current-carrying ability 
of the contacts, as it is somewhat limited. While 
AIEE specifications classify the difference between a 
contactor and a relay as the ability to carry more or 
less than 25 amperes, most telephone type relay con- 
tacts are designed for a rating of 1 ampere or less. 
Therefore, where heavier currents are required for 
actual machine control, larger power relays or con- 
tactors should be utilized. However, the number of 
larger units can often be reduced by careful circuit 
design. 

De operation is preferable for these relay control 
units. While power demand is very low, use of dc 
current eliminates core losses present in ac-produced 
fields, so overall current requirements can be reduced. 
A de relay can pull and hold, without chatter, a larger 
spring load than an equivalent-size ac relay, permit- 
ting the use of fewer relays and an easier and more 
straightforward circuit design. Positive control of re- 
lay operation and release speeds by means of specified 
adjustments are also provided, not dependent upon the 
frequency of the power supply. Although the provi- 
sion of de current normally necessitates a separate dc 
source, current demand is so low that a small, inex- 
pensive rectifier is usually satisfactory. 

While telephone type relays may be considered as 
somewhat “delicate” by electricians accustomed to 
working with larger power relays and contactors, ex- 
perience has shown that they perform with remark- 
able reliability. The possibility of a failure due to loss 
of adjustment is very remote; maintenance adjustment 
should not be necessary, and the only maintenance 
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work which should be required is the burnishing of 
contacts if they become dirty after a long period of 
use in contaminating environments. 

When speed of operation does not demand electronic 
circuits, relay circuits have the advantage of simplic- 
ity, a simple, single low-voltage de supply being all 
that is required. Electron tubes are generally lim- 
ited to one control circuit per tube with one side of 
the control and controlled circuit common, whereas 
relays are available which can control a large number 
of independent circuits. Fig. 3 illustrates such a relay 
controlling 24 separate circuits. A relay is often 
necessary in the final output of electronic circuits, es- 
pecially if an ac control circuit is used. With relay 
control, this final relay can be included in the actual 
controls as part of the circuit, not just an auxiliary 
item. 


Relay Control of a Machine: An excellent example 
of relay control is the nailing machine manufactured 
by G. M. Diehl Machine Works Inc., Fig. 1, with a 
program control designed and manufactured by The 
North Electric Mfg. Co. This machine is designed for 
nailing boxes, packing cases, skids, pallets, etc., and 
provision has been made for a number of different 
nailing patterns for use in each sequence. 

Relays are mounted in the rear of the control panel 
on the right-hand side of the machine. Controls are 
provided for ten different operations of up to 24 nails 
each. The control panel, Fig. 4, consists of ten pilot 
lamps, nine sequence switches, and ten rows of 24 nail 
switches each. To set up the machine for any par- 
ticular program of nailing sequences, the sequence 
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switches in consecutive rows are operated to indicate 
the number of sequences actually desired, and then 
the nail switches in each one of the rows are closed 
for the particular nails desired in that sequence. The 
machine has 24 nailing heads, each with a solenoid- 
controlled chute to the nail chuck. During each op- 
eration of the driving head, the solenoids release nails 
into the chutes for the succeeding operation, and at 
the end of the sequence, the controls reset and repeat 
the operation indefinitely. 

Original design of this machine provided for a me- 
chanical linkage and ratchet arrangement to step a 
rotary switch to operate the nail solenoids. However, 
difficulties were experienced in adjusting, maintain- 
ing and lubricating the linkage and ratchet arrange- 
ment in operation. Also, the rotary switch was not 
too satisfactory because of mechanical wear and ero- 
sion of the contacts. An electrically controlled mag- 
netic stepping switch was subsequently tried but was 
not satisfactory for the same reasons. Application of 
the relay controls for these functions eliminated these 
difficulties. 

The relay control, Fig. 5, consists essentially of a 
chain of relays stepped by each operation of the 
driving head. These counting relays each close the 
circuit to a solenoid control relay. The 24 conductors 
from each of these relay contacts connect through the 
nail switches to the 24 solenoids. During the stroke 
of the driving head, a contactor is operated which 
energizes the solenoids whose circuits have previously 


















































been prepared, by closing the appropriate nail 
switches, and the desired nails are delivered to the 
chutes. The counting relays also switch the leads to 
the pilot lamps to advance the light so that the num- 
ber of the nail sequence which will be driven on the 
next operation of the driving head is indicated. The 
treadle-switch circuit can be arranged for individual 
operation, with the treadle operated for each sequence, 
or it can be arranged so that the machine operates 
continually when the treadle is depressed, each stroke 
of the driving head stepping the counting relays and 
preparing the solenoid circuits for the next sequence 
of operations. 

The relay control unit is shown in Fig. 6. The con- 
trol relays illustrated in Fig. 2 are in the top row at 
the left and on the left-hand side. Contact-protection 
networks are in the metal cans marked AB and CD 
beside the relays, and the small rectifier for the relay 
unit is in the extreme lower left. The ten solenoid 
relays illustrated in Fig. 3 occupy the balance of the 
mounting space. At the top are the connecting ter- 
minals to the machine. The first 24 connect direct to 
the solenoids; two are vacant; two are connected to 
the treadle switch; two are for the 6-volt ac lamp 
leads; two are for the 115-volt ac supply; and one is 
connected to the contactor. The negative side of the 
rectified current is also terminated on one of these 
binding posts so that an outside de supply can be 
used if desired. 

The relay unit takes little current, and a smal] rec- 
tifier would easily handle this load except during the 
operation of de solenoids, when momentary heavy cur- 
rent requirements would drop the voltage to a point 
that could cause failure of these relays to operate or 
hold. By providing separate small rectifiers for the 
relays and the solenoids, or by operating the solenoids 
direct from ac current, the expense of a rectifier large 
enough to maintain voltage during solenoid operation 


is avoided in this design. 

Contacts on the solenoid-control relays are adequate 
to carry heavy current demand, but would not last 
very long in service if they were required to make and 
break this load. By using a single large contactor for 
this operation, the cost of 240 heavy contacts on the 
solenoid relays is saved. It should be noted that the 
nail selection for a particular sequence is made during 
the preceding driving operation. This arrangement 
was necessary to provide sufficient time for the nails 
to fall from storage bins to the nail chucks. Actual 
relay and solenoid operation for selecting the nails 
was fast enough to make the selection before each 
stroke, but the mechanical lag in handling the nail 
to the chuck made this preselection feature necessary. 


Summary: The application of relay control to this 
machine demonstrates advantages to be gained by this 
type of control which, in general, are: (1) ease with 
which control circuits can be connected to the machine 
with special emphasis on the possibility of remote lo- 
cation of the control panel; (2) flexibility possible by 
providing switches on the control panel for changing 
programs; (3) speed of operation of the relay control, 
which is more than adequate for most types of ma- 
chine operation; and (4) simplicity and reliability of 
this type of control. 

Points which have to be watched in designing these 
controls are: (1) limitations on the contact current- 
carrying abilities of these relays and possible use of 
a single large contactor to handle heavy loads; and 
(2) provision of an adequate power supply which 
might be a separate supply to prevent irregular op- 
eration caused by varying voltages. 
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Large Hammer Has Unusual Lubrication System 


N UNUSUAL system for lubricating the guide V’s 

is employed jn the largest steam drop hammer in 
this country, involving a counterbalance type of dis- 
tribution valve which permits extremely sensitive con- 
trol for a machine of this size. Among other features 
of the new design is use of a key between each of the 
frames and the sow block which keeps frames firm and 
prevents scale from working under the frame seats. 
Housing bolts are vertical. The bottom cylinder head, 
which is integral with the cylinder, is turned outside 
to serve as a huge dowel between the cylinder and the 
tie-plate. Pockets for the gland bolts are machined 
from the solid in the cylinder head. 

Rated at 50,000 pounds, the hammer was built by 
Erie Foundry Co. and will be used to produce equip- 
ment for the Air Force. The completed hammer 
weighs over 800 tons and, when erected on its founda- 
tion, extends 16 feet below floor level and approxi- 
mately 30 feet above the floor. It can be controlled 
by one operator using a foot treadle or hand levers. 


158 














MACHINE DESIGN—April 1953 




























CANNING the field 











| "Twrn-rurpine design of the new drives the ring gear of the converter 
Buick Dynaflow torque-converter trans- gearset which is connected to the out- 
mission increases torque output nearly put shaft through planetary gearing. The 
10 per cent. Addition of the secondary tur- carrier and second turbine assembly is 
bine and a planetary gearset increases splined to the output shaft. Driving 
torque multiplication from the 2.25-to-1 torque delivered by the first turbine is 
ratio of earlier units to 2.45-to-1. In oper- multiplied by the planetary gearing dur- 
ation, oil flows from the pump through ing starting but, as speed increases, this 
the first turbine, then through the second torque gradually diminishes while that 
turbine before being directed through the of the secondary turbine increases. At 


stator back to the pump. The first turbine cruising speed the first turbine free-wheels. 
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CHANNEL WIRING for machines provides a neat and workmanlike job and 
eliminates the need for detailed planning usually associated with conventional 
methods. Developed by the Snyder Tool & Engineering Co., this system utilizes 
special U-shaped fiber channels or ducts as main arteries for the wires. Fast- 
ened to the control panel between rows of electrical components, the channels 
permit direct installation of wires without special forming or tying and a regular 
pattern of perforations in the sides allows wires to be pulled through for con- 
nections as needed. When wiring is complete, covers are fastened over the 
open duct faces with wing nuts. 

Besides simplifying installation, the system requires less wire and installa- 
tion man-hours are reduced. Alterations and servicing can be performed with- 


out difficulty. 
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Sur CLUTCH devised to utilize a 
notched neoprene sleeve provides the 
safety of shear pins along with auto- 
matic resetting. Developed by the West- 
ern Tool & Stamping Co. for a rotary 
mower blade drive, this clutch design 
consists of three concentric sleeves. 
Outer surface of the inner sleeve is 
fluted with rounded, shouldered splines 
and under shock or stalling loads the 
metal and neoprene flutings squeeze past 
each other to permit slip. Deformation 
of the synthetic sleeve absorbs the 
energy of impact and, when engine in- 
ertia is absorbed, the flutings automat- 
ically re-engage the drive. No adjust- 
ments are necessary and test and serv- 
ice runs indicate extremely long life. 
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Lovupsrraker CLUTCH de- 
sign developed by the National 
Bureau of Standards employs 
the same moving-coil principle 
as the electrodynamic radio 
speaker. Fast acting, the clutch 
is activated by applying direct 
current to a coil located in a 
constant magnetic field. Force 
resulting from interaction of the 
coil current and the magnetic 
field moves the coil to press the 
clutch output disk against the 
rotating input member. In an 
experimental model, full out- 
put shaft torque of 10 ounce- 
inches, maximum, was attained 
in less than one-third millisec- 
ond after application of actuat- 
ing voltage. Developed by Jacob 
Rabinow, head of the NBS Elec- 
tromechanical Ordnance Divi- 
sion, the clutch offers advan- 
tages in instrumentation, com- 
puter, recording, photographic, 
and switching applications where 
light loads must be accelerated 
at extremely rapid rates. 


ANY modern machine drive systems require the 
M coupling of rotating shafts at an angle relative 
to each other. In the past, moderate speeds 
and relatively low shaft angles gave rise to few prob- 
lems. In recent years, however, speeds and working 
angles for such drives have steadily increased and de- 
mands for less torsional or lateral vibrations have he- 
come more urgent. As a result, a general appraisal 
of universal joints and their practical application in 
angular drive systems is highly desirable. 


Plain Universal Joints: Common cross-pin type 
joints, originated centuries ago by Cardan and Hooke, 
have been developed into many forms of high mechan- 
ical perfection and have been successfully applied 
wherever speed and velocity were not critical, Fig. 1. 
Inherent in this design, however, is the undesirable 
feature of irregular action which cannot be elimin- 
ated without abandoning the basic design. Dynamic 
limitations of these simple joints are best illustrated 
by analysis of their mechanical performance charac- 
teristics, which are substantially alike for all such 
joints. 

For each complete revolution of a Cardan joint op- 
erating at a specified angle, there are two positions in 
which the driven shaft has advanced in rotation rela- 
tive to the driving shaft and two intermediary posi- 
tions in which the driven shaft has lagged a similar 
amount. These advances and lags, alternating twice 
for each revolution, result in pulsating, variable speed 
of the driven shaft. 

As the joint angle increases, the amplitudes of the 
pulsations increase at an even more rapid rate until 
they have a destructive effect upon the joint as well 
as the parts connected with it. At such angles this 
type of joint is obviously impractical. Even at small 
angles, slight torsional pulsations while seemingly 
negligible may be destructive at the higher shaft 
speeds common in modern machines. In any event 
they will be the source of objectionable vibration, 
noise and rapid wear, especially when the inertia of 
the connected rotating masses is considerable. 
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The performance characteristics of Cardan joints 
vary only slightly depending upon their particular 
construction, but may be substantially summarized as 
in the diagram of Fig. 2. Constant-speed rotation of 
the driving shaft through 360 degrees is represented 
by a circle with a constant vector, c, for the radius. 
Driven shaft variable-speed rotation, on the other 
hand, is represented by the superimposed concentric 
ellipse in which the instantaneous speeds at any given 
angle of rotation are indicated by the variable length 
of vector, v. 

There are four points U at the intersection of the 
ellipse and circle at which the speeds of both shafts 
are matched. The included areas between ellipse and 
circle, comprise the total gain or loss of speed of the 
driven over the driving shaft in a typical Cardan joint, 
and being alike, but opposed, cancel out. 

Values for speed v, acceleration g, and displacement 
A can be determined easily by the following graphical 
method. As mentioned constant speed is represented 
in a polar vector diagram by the circle described with 
the unit of constant velocity c as radius. Applying 
joint angle A, the cosine OD and secant OE will be the 
short and long axes of the superimposed ellipse with 
vectors v representing the variable speeds measured 
in the scale of c. A tangent constructed at any point 
X of the ellipse will include an angle 8 with a line 
through point X perpendicular to ray OX. The trig- 
onometric tangent of 8 is a measure of the instan- 
taneous acceleration or deceleration at X. The values 
range between zero at the four terminals of the major 
and minor axis of the ellipse to a maximum ait 
points U. 

Angular displacement of the driven relative to the 
driving shaft is the difference between the angles of 
rotation for both shafts at the same instant expressed 
as A = @ — 6 where ¢ and 6 designate the positions 
of the driven and driving shaft, respectively. For any 
joint and driving shaft angles, ¢ is found from the 
equation: tan ¢ = tan 6/cos A. 

In Fig. 2 tan @ is shown as length FG and the cos A 
as OD. Division of FG by OD gives the new length 
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FH equal to tan @. At this particular point of the 
ellipse the displacement angle A is included between 
rays OG and OH. 

In Cartesian co-ordinates the above values of vari- 
able velocity v, acceleration « and displacement A are 
shown graphically at Fig. 2a, b, and c. Angular shaft 
displacements grow rapidly with increased joint an- 
gles, as may be seen in the graph of Fig. 3. Values at 
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various joint angles, A, may be roughly calculated as 
follows: Total speed variation = 0.033 A? per cent of 
constant speed; and total angular displacement = 
0.0045 A? degrees. 


Constant-Velocity Joints: Primarily to overcome 
these deficiencies in performance, a great variety of 
constant velocity joints has been developed, Fig. 4. 
Such mechanisms produce true constant velocity much 
like a set of bevel gears in which the teeth are re- 
placed by an intermediary member adjustable to a 
change of bevel angle. The characteristic feature of 
these joints is their symmetrical layout with respect 
to a third member, such as the balls and ball cage 
in Fig. 5. In most cases the value of a novel design 
can be immediately judged by the presence or lack of 
such a third member and/or the symmetry of the ad- 
joining driving and driven members with respect to 
the intermediary member. 

Another group of joint designs can be classed as 
fundamentally of the variable-speed type but include 
corrective or compensating parts to convert the vari- 
able into constant velocity. However, joints of this 
second group, due to their complicated and often sensi- 
tive structure, have had only moderate success, and 
are not included in this discussion. 

Of the first group, the Tracta, Bendix-Weiss and 
Rzeppa universal joints conform to the mentioned 
features, namely, a driving and a driven member sym- 
metrically arranged about a third transmitting mem- 
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Fig. 4 — Below — Bendix-Weiss 
constant-velocity universal joint 
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ber operating in a plane which must bisect the joint 
angle, be perpendicular to the plane common to both 
shafts and located by the true joint center. Today, 
these requirements are too well established and known 
to require further analysis. 

For the Tracta joint, Fig. 6, the third member is a 
hinge consisting of a slotted and a spigotted part, 
joined in the manner of an Oldham coupling, which 
can be deflected to the required joint angle and will 
also permit a limited amount of telescoping required 
for proper functioning. Two identical forks, attached 
to the respective shafts, engage this hinge as shown in 
the illustration. 

For the Bendix and Rzeppa joints the third member 
comprises a series of balls (4 or 6 respectively) which 
are retained in grooves of the driving and driven mem- 
bers. Both halves of the Tracta and Bendix joints 
must be held in proper alignment by external radial 
and thrust bearings, mounted in the supports which 
surround the joint. With plain journals, the inward 
thrust is frequently taken by a ball located at the true 
joint center, while thrust collars absorb separating 
thrust of considerable magnitude, 

In the case of the ball and groove joint developed 
by F. F. Miller, Fig. 7, the central ball is held in a 
socket which takes thrust and radial loads in any 
direction and so makes a strong housing with shaft 
supporting bearings unnecessary. Similarly, parts of 
the Rzeppa joint, Fig. 8, are interlocked in a ball and 
socket fashion. Therefore, no radial or thrust bear- 
ings are needed to locate both shafts relative to each 
other. For high-angle joints, the half ball-grooves of 
both driving and driven members are so curved that 
the contact conditions for the balls in their grooves 
remain practically constant. When grooves are 
straight, as in the case of the low-angle Bendix joint, 
a limited axial movement of one end relative to the 
other is possible and shaft bearings for radial and 
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thrust loads are not required since the driving bails 
also act as a shaft support. 

Balls are retained in the grooves of the Bendix 
joints without any special retainer, Fig. 4. The half 
grooves are crossed more or less at all permissible 
shaft angles so that each individual ball will be theo- 
retically located at the intersection of the groove cen- 
ters without the help of a special ball cage. If a pair 
of half ball-grooves should become parallel by increas- 
ing the joint angle excessively, a ball under such con- 
dition would lose its definite location. 

A similar condition existed for the original, earlier, 
Rzeppa joints which were fitted with concentric in- 
ner and outer race grooves. However no ball could 
move independently of the others because of the com- 
mon ball cage. In order to locate the balls in the 
proximity of zero joint angle a special piloting device 
was fitted, consisting of a pilot and a saucer-shape 
spherical segment which forms a continuation of the 
ball cage. The required action to bring the balls and 
cage into correct relation with shaft angle was ob- 
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tained by means of a pin-shape lever having three 
bearings—in the inner race, outer race, and pilot—as 
shown in Fig. 9. Beyond an operating angle of about 
11 degrees this device was not necessary, the crossing 
of grooves being sufficient for positive ball and cage 
positioning. 

Today, the matching half ball-grooves are no longer 
formed from a common center but from two centers 
symmetrically located and offset an equal distance 
' from the true joint center so that the half-grooves ac- 
I tually converge toward one side of the joint in a 
‘ wedge fashion, compelling the six balls into the cor- 
rect position by means of the ball cage. Sufficient 
offset makes self positioning of the balls so positive 
; throughout the entire angular range of the joint that 
additional piloting parts are no longer required. Cur- 
rently, however, pilots are still fitted in the largest 
joint sizes with nominal shaft diameters of 2144 to 3 
inches mainly for manufacturing reasons and as a 
safeguard against excessive stresses at operating an- 
i gles from approximately 20 to 35 degrees. 
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Basic Types: Rzeppa joints are available in either 
disk or bell type in nominal sizes corresponding with 
their driveshaft diameters ranging from 15/16 to 3 
inches. Disk and bell joints of the same nominal size 
have interchangeable internal parts. The distinguish- 
ing difference lies in the shape of the outer ball race 
and the shaft seal. Disk joints, Fig. 5, are furnished 
with a disklike, short cylindrical outer race having 
six holes for bolting the joint to a suitable companion 
flange on one side and to a cover on the other side. 
The cover is fitted with a flexible diphragm of oil- 
resistant synthetic rubber, through which the drive 
shaft extends, providing freedom to swing 18 degrees 
and to slide in or out. These joints are especially 
suited for high-speed propeller shaft drives where vi- 
bration is critical. The driveshaft rests, sliding or 
locked, in the splined inner ball race with its weight 
supported within the joint on spherical surfaces mak- 
ing external splined connections unnecessary and 
thereby eliminating misalignment, runout, and conse- 
quent vibrations. 

Bell type joints are primarily designed as power 
steering drives for front-drive.axles.or articulated 
driving axles with independent wheel suspension. Here 
the outer driver. is shaped spherically, Fig. 10, open 
on one side with the other side merging into a driv- 
ing shank, which. is usually part of the bell-shaped 
forging. These joints are capable of 37 degrees deflec- 
tion. Lubricant seals are generally provided as part 
of the axle hub housing, but may be furnished sepa- 
rately as nonrevolving swivel housings surrounding 
the joint and having a flange for fastening to a suit- 
able face of the wheel hub. 

All joints have six driving balls fitted in hardened 
and ground grooves for transmitting torque simul- 
taneously in either direction of rotation. A close fit- 
ting ball cage holds the balls in correct alignment. 
The joint assembly has considerable end-thrust capas- 
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Fig. 10 — Bell type 
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ity in either direction and no external supports are re- 
quired to preserve the alignment of the individual 
joint parts. Only one shaft, either at the driven or 
driving end, requires support. The complete unit can 
be handled, mounted, and removed from an assembly 
without loss of internal alignment or possibility of 
accidental disassembly. 


Joint Capacity: Obviously every universal joint has 
limited capacities for load, speed, angle, and the com- 
bination of these three factors. Load is generally 
governed by the permissible pressure in the journals 
of Cardan joints, or the flat surfaces of the Tracta, in 
relation to speed, angle and life expectancy. 

For ball and groove joints, loads are determined by 
the size and number of balls and their distance from 
the joint axis. In accordance with ball-bearing prac- 
tice, the permissible crushing load of balls will vary 
approximately with the square of the diameter. Since 
the ball distance to the axis of a joint is a multiple 
of its diameter, permissible load in congruent de- 
signs is proportionate to the cube of their linear 
dimensions. 

Allowable ball pressures are experimentally deter- 
mined with due regard to groove curvature, surface and 
contact conditions. With increasing joint angles con- 
tact conditions require a reduction of pressures in 
order to maintain the standard life expectancy under 
normal condition. Standard life expectancy is based 
on a fixed number of cycles which the joint will en- 
dure without excessive wear and is generally ex- 
pressed in work-hours. It is identical for all sizes of 
joints under standard conditions of load, speed and 
angle. For any working condition different from 
standard the expected life can be predicted by the 
relation: L = n?(Cek/P)* in which n designates the 
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speed, rpm; C the normal rated load capacity, hp per 
100 rpm; P the load, hp; and e and k, angle and speed 
factors. Centrifugal forces exerted by the balls on 
the groove surface at speeds far above normal will 
somewhat reduce load ratings (factor k). 

Overheating due to internal friction or vibration 
caused by inadequate supports limit the speed or angle 
at which a joint may be safely run. As a rule, the 
product of speed in rpm and angle in degrees should 
not exceed a constant limiting figure set at approxi- 
mately 16,000. 


Efficiency: Universal joint efficiency is high; losses 
are chiefly due to internal friction and for some types 
are so slight they are not easily measured. Load tests 
with ball type joints operating at angles larger than 
25 degrees at full load and low speed have shown 
losses of about 2 per cent, diminishing with the angle. 
There may be additional losses for Cardan joints op- 
erating under critical conditions where the variable 
speed will produce inertia effects detrimental to effi- 
cient power transmission. For instance, such variable 
speeds, necessarily resulting in variable torques, may 
produce stalling effects under critica] conditions as 
may be encountered in front-drive vehicles negotiating 
steep, sharp turns requiring full steering lock. 

Strictly speaking, these effects cannot be called 
mechanical losses but have practically the same effect. 
Nearly all losses are converted into heat and conse- 
quently sufficient cooling must be provided to avoid 
seizures of parts. At low speeds, such as are common 
in driving axles for vehicles, this condition is not 
critical and joints may be installed in closed housings 
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which also serve as reservoirs for lubricant. At high 
speeds, however, such housings usually hinder cooling 
of the joint, thereby reducing its capacity unless 
proper ventilation is provided. 


Modern Developments: Recent innovations in ultra- 
high-speed engines, transmissions and shafts have 
brought newly developed types of universal joints 
capable of transmitting loads at small angles and 
higher speeds than was heretofore considered safe. 
A very successful joint of this type is shown in Fig. 
11. This constant-velocity joint has a number of balls 
placed in straight half-grooves of the inner and outer 
joint race. Both races are interlocked by a spherical 
bearing which absorbs both radial and thrust loads. 
Here again the principle prevails that the driving 
balls must be located in a plane bisecting the shaft 
angles. This exact locating is controlled by two con- 
ical pilot rings seated spherically on the inner race 
shaft and guided by end enclosures of the joint. With 
the shafts at an angle, both pilots are displaced in op- 
posite direction and locate the balls accurately between 
the conical surfaces. 

Due to reduced internal friction and perfect balance, 
these joints can safely operate at speeds much higher 
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than permissible for earlier types. Since in most 
high-speed installations the operating angles required 
are small, the joint is designed for a shaft clearance 
angle of 7 to 9 degrees. When larger angles are re- 
quired at lesser speeds, the clearance can be in- 
crased to approximately 12 degrees by certain modi- 
fications of the pilot guiding surfaces. In the com- 
bination of joint angle and speed the limits are set 
by vibration, heating and sealing of the lubricant 
but are much higher than the limit previously given. 

Regardless of the method of suspension, the wheels 
of articulated driving axles are generally connected 
by jointed shafts to a differential housing centrally 
mounted on the spring-supported frame or body of 
the vehicle. In order to avoid excessive angles at 
full spring deflection it is important to provide for 
the greatest length of connecting shaft. This is par- 
ticularly important for steering joints because the 
up or down movement due to spring deflection will 
deduct a certain amount of available steering angle. 
The compound angle may be roughly calculated as 
the square root of the sum of the squares of the com- 
ponent angles. 

A solution for gaining maximum length for half 
axles is shown in Fig. 12. In this design the inboard 
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universals are developed as part of the differential side 
gears contained in the differential housing to form 
a very compact unit. For nonsteering rear axles, 
wheel joints may be mounted on the outside of the 
wheel hub, giving additional shaft length and easy 
accessibility. 

Aside from light high-speed drive shafts, a number 
of special adaptations of constant-velocity universal 
joint drives have been built or designed especially for 
use in helicopters. In Fig. 13 is shown a light coup- 
ling capable of several degrees angularity as well as 
a small amount of axial movement to take care of 
deflections and length variations when mounted in 
the drive line to an outrigger rotor. 

The function of this device can be plainly seen from 
the illustration. Axial movement of the inner race 
takes place on two ball bearings with a minimum 
amount of friction and without disturbing the action 
of the two disk-shape pilots which control the correct 
position of the ten large torque transmitting balls of 


Fig. 15—Application of constant-velocity joint drive 
to the driving plate of a variable-displacement pump 
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the universal joint. This coupling was designed for 
400 hp at 2000 rpm and weighs approximately twelve 
pounds. 

A tentative design for an autogyro rotor mounting 
is shown in Fig. 14. Here the vertical engine shaft 
terminates in a combination constant-velocity uni- 
versal joint and thrust bearing, permitting the tilting 
of the rotor by an operator-controlled mechanism while 
the lift of the rotor is carried by the double-acting 
thrust ball bearing to the mounting on the pylon. Here 
again two ring-shape pilots control the plane of the 
ten driving balls which must bisect the shaft angle. 
They are correctly actuated by spherical surfaces 
whose centers are symetrically placed with respect 
to the true joint center on both shaft center lines. 

Another unique application of a constant-velocity 
high-angle joint is shown in Fig. 15. The assembly 
is the driving plate for a series of plungers of a vari- 
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able positive-displacement plunger pump. The plate, 
rotating sychronously with the multiple-cylinder block 
around the same axis but at a variable angle, is driven 
through the centrally located universal joint. 

Changing the angle of the plate with an external 
control mechanism changes the stroke of the pistons 
and pump delivery. Constant velocity here is of great 
importance because timing for the suction and dis- 
charge porting of the stationary cylinder head must 
be correct for all plate angles. A variable-speed joint 
would cause objectionable distortion of this timing. 

A torque transmitting angle drive developed by 
the author, although not a universal joint capable of 
variable angle, also may be grouped among the un- 
usual applications owing to its features of constant 
velocity and torque transmitting balls. This device, 
Fig. 16, is designed for a fixed angle of 33144 degrees 
with a speed ratio of 1:1.2. In its present stage it is 
intended to transmit moderate torque at moderate 
speeds, such as are required for remote control me- 
chanims, steering gears, machine tools, agricultural, 
road and construction machinery, marine and aircraft 
equipment, etc. 

As shown in the illustration, the driving rotor has 
a continuous zig-zag groove, composed of ten con- 
nected short grooves alternating between the flat 
rotor faces, making five pairs of grooves which en- 
circle the spherical trunk. Six balls can be engaged 
in these grooves when located in a plane inclined at 
3314 degrees to the rotor. In action, these balls move 
in a split ball groove of the outer housing and are 
closely fitted at equal spacing in holes of the inter- 
mediary driver. This ring-shape part fits the outside 
diameter of the rotor freely and is keyed to the output 
shaft. In this way all parts are held in correct align- 
ment. In rotation, the six balls act like semispherical 
teeth between rotor and driver and proceed through 
the endless rotor groove in constant contact. 

Due to the fact that five pairs of grooves mesh 
with six balls, a speed relation of five to six is main- 
tained between the shafts. The angle of inclination 
is determined by the ratio (5:6) through the cosine 
of 5/6 which corresponds to an angle of 3314 degrees. 
In this case the driver makes five turns to six of the 
rotor. 

No thrust bearings are required as would be the 
case of bevel gears, because all forces are completely 
balanced with exception of one-fifth of the input 
torque which is absorbed in the housing support. This 
coupling is obviously of the constant-velocity type 
implying that both input and output shafts can be 
revolved at a uniform rate of speed. 


Conclusion: The field of application for universal 
joints is extremely broad and encompasses a variety 
of drives, both low and high speed, in automotive 
vehicles, aircraft, ships, machine tools, road ma- 
chinery, mining machines, and many others. Today, 
the modern counterpart of the Heoke’s joint can solve 
critical drive problems wherever shafts must trans- 
mit power at variable or constant angles, low or high 
speeds, and at constant velocity. 
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impedance inserted between a source of power 

and a load. In useful amplifiers the power nec- 
essary to control this impedance is less than the con- 
trolled power delivered to the load. The controllable 
impedance may be resistive, inductive, or capacitive, 
and amplifiers have been built using each of these 
types. The prime example of a variable resistive- 
impedance amplifier is the vacuum tube while the mag- 
netic amplifier, or magamp, utilizes a saturable re- 
actor as a controllable inductive impedance. The sat- 
urable reactors, either alone or in combination with 
other circuit elements, provide amplification or con- 
trol. Advantages and disadvantages of magamps are 
summarized in the accompanying listing. 

In its simplest form, a magamp consists of a wind- 
ing on a saturable ferromagnetic core placed in series 
between a load and a source of power. Since the con- 
trollable impedance is inductive and thus can only 
impede changes in current, the power source must be 
ac. A separate winding on the core controls the pre- 
saturation of the saturable magnetic core, thus con- 
trolling the impedance presented by the series wind- 
ing between the load and ac power source. 

Since the heart of a magamp is the saturable mag- 
netic core, an understanding of the properties of mag- 
netic cores is basic to an understanding of the opera- 
tion of magamp circuits. For a winding on a mag- 
netic core to develop a voltage that impedes the flow 
of current through the winding, there must be a 
change in the magnetic flux linking the turns of the 
winding. The time integral of voltage induced in the 
winding, or volt-seconds, is proportional to the prod- 


A NY electrical amplifier is basically a controllable 
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uct of the change in flux linking the turns of the 
winding, and the number of turns. In a saturable 
core in which the flux can change only between defi- 
nite limits, there will be a definite maximum value of 
induced volt-seconds per turn. 

The maximum ac voltage that can be applied to a 
winding on a saturable core without saturating the 
core is called the saturation voltage. At this value of 
voltage the volt-seconds supplied in each half-cycle 
produce the maximum possible flux excursion in the 
core. That is, with a value of ac voltage applied 
equal to the saturation voltage the flux will change 
from negative saturation to positive saturation value 
and then back to negative saturation on alternate 
half-cycles. The time integral of voltage, or volt- 
seconds, present in a half-cycle of ac voltage is in- 
versely proportional ta the frequency. Thus the 
maximum voltage that a winding on a saturable core 
can support will be directly proportional to the fre- 
quency, number of turns, and maximum flux change 
possible in the core. ° ; 

Impedance of a winding on a magnetic core is de- 
termined by the ease with which the magnetic flux in 
the core can be changed. A reactor which requires a 
small change of current to produce a given flux 
change will have a higher impedance than one which 
requires a larger change of current to achieve the 
same flux change. The relation between magnetic 
flux and magnetizing current for a magnetic core ma- 
terial is usually plotted as flux density in gauss, or 
flux per square centimeter -of core cross-sectional 
area, versus magnetizing force in ampere-turns per 
centimeter of magnetic path length times 0.4 7 or 
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oersteds. This curve is called a hysteresis loop and 
an example for a typical magnetic amplifier core ma- 
terial is shown in Fig. 1. These curves are not single 
valued because the value of flux density at any time 
is a function of both the magnetizing force and the 
past history of the core. Shown in Fig. 2 are hystere- 
sis loops obtained by driving a core to positive satur- 
ation and then reversing the magnetizing force to 
reset the flux to various points on the left flank of 
the major hysteresis loop. As will be shown, this is 
the type of operation experienced by a core in the self- 
saturating type of magnetic amplifier. 


Operation: In the half-wave, self-saturating circuit 
of Fig. 3a a controllable inductive impedance is placed 
in series with a load and a source of ac power. In ad- 
dition, the rectifier permits full advantage to be taken 
of the magnetic characteristics of the core. A large 
impedance in series with the control winding prevents 
the control circuit from loading the reactor when a 
voltage is induced in the control winding. 


ADVANTAGES 


Ruggedness—Magamps are static devices, ex- 
tremely rugged and resistant to the effects of 
adverse environmental conditions. Similar in 
construction to transformers, they may be 
overloaded, like transformers, for extended 
periods with little effect except reduction in 
life. Life of a magamp control circuit is ordi- 
narily determined by the life of associated 
selenium rectifiers which have life expectan- 
cies in excess of 20,000 hours. 


Etticiency—Compared to vacuum tube ampli- 
fiers, magamps have high efficiency. No fila- 
ment heating power is required and the only 
internal power losses, due to rectifier forward 
resistance and winding resistance, are small. 
Overall efficiency is usually better than 50 per 
cent and may be from 80 to 90 per cent in the 
larger sizes. 

Amplitication—A power gain of several mil- 
lion from a single stage amplifier is possible. 
However, since response time increases as-am- 
plification increases, more than one stage of 
amplification is usually. used.for high .ampli- 
fication to keep response time as low as pos- 
sible... 

Power Supply — Magamps operate directly 
from ac lines; they require no special power 
supply. By proper design, their operation can 
be made relatively independent of supply 
voltage variations. In contrast, vacuum tube 
amplifiers usually require large regulated dc 
power supplies. 


In operation the series rectifier blocks the flow of 
load circuit current on alternate half-cycles of ac sup- 
ply voltage; the half-cycles, during which the rectifier 
blocks, will arbitrarily be called negative half-cycles. 
During the period when the rectifier blocks, the flux in 
the core can be adjusted to any desired value by 
means of a magnetizing force applied through the 
control winding. On positive half-cycles of ac supply 
voltage, the rectifier no longer blocks and the supply 
voltage appears across the load and saturable reactor 
load winding in series. The load winding of the sat- 
urable reactor impedes the flow of current only so 
long as the flux in the core can change. Once the flux 
has reached saturation and can no longer change, the 
full supply voltage is delivered to the load. The av- 
erage reduction in voltage to the load occasioned by 
the voltage supported by the load winding is directly 
proportional to the flux reduction below saturation 
value, or flux resetting produced by the control mag- 
netizing force. For an idealized core having the hys- 
teresis loop of Fig. 3b, plotting the average load volt- 


DISADVANTAGES 


Cost—Relative newness and low production 
rates make first cost high. However, cost of a 
magamp control system over a period of time 
may be lower due to savings in maintenance 
costs and fewer production stoppages because 
of breakdowns. 


Frequency Response—Because magamps op- 
erate from ac supply voltages, they cannot 
be expected to respond to frequencies higher 
than the supply voltage frequency. Although 
amplifiers have been developed to give 100 
per cent response within one cycle of control 
voltage, maximum frequency to be amplified 
should be maintained at approximately one- 
tenth of the supply frequency. An amplifier 
operated from a 60-cycle line should not be 
expected to amplify control signals with 
frequencies over 6 cycles per second. 
Sensitivity—Dec input signals smaller than one 
microwatt cannot be satisfactorily handled by 
present commercially available magamps. Con- 
siderable effort is being made to improve 
sensitivity and it is expected that input powers 
as low as 10-8 watts may be satisfactorily 
handled with magamps. % 


Distortion—The output of a magamp is a 
highly distorted wave-form of the supply 
voltage frequency; the average value varies 
with the input control signal. Presence of the 
carrier frequency and harmonics is a severe 
handicap in certain applications. 
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age or current versus control magnetizing force in 
ampere-turns gives the control characteristic curve 
shown in Fig. 3c. 

The control characteristic curve may be divided 
into three regions: 


1. Full output region where flux remains at positive 
saturation during negative half-cycles of ac sup- 
ply voltage and therefore the reactor cannot sup- 
port voltage during positive half-cycles. 

2. Control region where flux is partially reset during 
negative half-cycles of ac supply voltage, produc- 
ing a reduction in average output proportional to 
the flux reduction below saturation value. 

3. Cut-off region where flux is reset sufficiently so 
that it does not reach positive saturation at any 
time during the positive half-cycles of ac power 
supply voltage. 


Amplification or gain of a magnetic amplifier is 
proportional to the slope of the curve in the control 
region. Because the reduction in average voltage de- 
livered to the load is proportional to the flux reset- 
ting, the control characteristic curve of average load 
voltage versus control magnetizing force will be sim- 
ilar in shape to the left flank of the hysteresis loop 
for the magnetic core. Thus core materials with 
nearly vertical-sided hysteresis loops are required for 
high-gain magnetic amplifiers. If, in addition, a 
characteristic with a linear control region is desired, 
a core material with as rectangular as possible a hys- 
teresis loop. should be used. 

Ac supply voltage for a magnetic amplifier is nor- 
mally set at a value slightly below the saturation volt- 
age of the load winding. Under this condition, to ob- 
tain cut-off, the flux must be reset nearly to the nega- 
tive saturation value so as not to reach positive satur- 


Fig. 1—Hysteresis loop of Hipernik core material 
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Fig. 2—Above—Hysteresis loops obtained ae, 

core to positive saturation and then reversing the mag- 

netizing force to reset the flux to various points on 
the left flank of the major hysteresis loop 


Fig. 3—Below—At a, basic half-wave self-saturating 

magamp circuit; b idealized characteristics of saturable 

magnetic core; ¢, control characteristics of half-wave 
magamp with idealized core 
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ation during positive half-cycles. 

Load current that flows during the portion of the 
positive half-cycle, when the load winding is support- 
ing a voltage to limit current flow, is dependent on the 
width of the hysteresis loop of the core and the num- 
ber of load turns. For the flux change, the core re- 
quires a certain value of magnetizing ampere-turns 
which is obtained by a flow of load current through 
the turns of the load winding. At cut-off this is the 
only load current that is allowed to flow, and it is 
called the magnetizing current. In most designs this 
current is negligible, but in cases where it is trouble- 
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Fig. 4—Above—Typical circuits: 4, 

lel self-saturating, or “doubler” circuit; , 

center-tapped full-wave circuit; ¢, bridge type 
full-wave circuit 


Fig. 5—Below—Simple saturable reactor mag- 
amp series circuit a, parallel circuit, b 
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some, a core with an extremely narrow hysteresis loop 
is used. 

Characteristics required of cores for use in self- 
saturating magnetic amplifiers can now be summar- 
ized. The major requirements are as follows: 


1. The sides of the hysteresis loop should be as ver- 
tical as possible for high gain. 

2. The width of the hysteresis loop should be narrow 
to minimize the magnetizing current. 

3. The saturation flux density should be as great as 
possible to minimize the size of the core and the 
number of load turns required to support the ac 
supply voltage. 

4. The hysteresis loop of the core material should be 
as rectangular as possible to produce a long, lin- 
ear, and high-gain region of the control character- 
istic curve. 


Characteristics required of a rectifier for use in a 
self-saturating circuit can now be analyzed. The for- 
ward resistance should be as low as possible to reduce 
losses; however, the reverse or leakage current is 
the most important characteristic to be considered. 
Any leakage current, during the period when the rec- 
tifier is supposedly blocking, will flow through the 
turns of the load winding and behave as an additional 
control current. The voltage that appears across 
the rectifier in the reverse direction and produces 
leakage is dependent upon the value of actual control 
current. This rectifier leakage current has the effect 
of negative feedback and reduces the gain of the am- 
plifier. In addition to the reduction in gain produced 
by rectifier leakage, the variations in this leakage 
with ambient temperature are often particularly ob- 
jectionable. Two approaches have been used in over- 
coming the difficulties introduced by variations in rec- 
tifier leakage. The best is to use low-leakage rectifiers 
and adjust the design so that this small leakage has 
negligible effect. In some applications the self-satur- 
ating rectifiers are shunted with a resistance to obtain 
the stabilization possible with the addition of negative 
feedback; however, gain is thereby sacrificed. 

Selenium rectifiers are generally used with mag- 
netic amplifiers because of their high power handling 
capabilities and reliability. Germanium diodes are 
used in some low-power amplifiers but because of their 
poor stability under high ambient temperatures, they 
are gradually being replaced by improved types of 
selenium rectifiers. Development of selenium recti- 
fiers with very low reverse leakage characteristics has 
been an important factor in making possible the high 
performance obtainable with modern magamps. 


Other Circuits: Half-wave, self-saturating magamp 
circuits are not generally used because of the require- 
ment of a large isolating impedance in series with the 
control winding. One widely used method of elimin- 
ating this isolating impedance is to combine two half- 
wave circuits with their control windings connected to 
partially cancel out the induced voltages. The three 
commonly used circuits of this type are shown jn Fig. 
4. In each of these circuits the control windings are 
hooked in series so that the induced voltages tend to 
buck out. The parallel self-saturating circuit or 
“doubler” circuit, Fig. 4a, provides an ac output which 
may, if desired, be rectified to give a full-wave, de 
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output. The ‘“center-tap” full-wave, self-saturating 
circuit, Fig. 4b, provides a de output directly; how- 
ever, it requires a special center-tap transformer for 
the ac supply voltage. The bridge-connected, full- 
wave, self-saturating circuit, Fig. 4c, provides a dc 
output without the use of any additional parts other 
than the four rectifying elements. 

Operation of these full-wave, self-saturating cir- 
cuits is similar to the operation described for the 
half-wave circuit. When there is a high-impedance 
in series with the control windings, the operation is 
almost exactly the same; but with a low control sig- 
nal source impedance, the operation changes since 
the voltages induced in the control windings do not 
exactly cancel. This change in operation results 
in a shift to the right of the control region of the 
control characteristic curve. 

The choice of ac or de output and the character- 
istics of the load are major factors in fixing the pre- 
ferred type of circuit for a particular application. 
Another factor which affects the choice of circuit is 
the leakage characteristics of the available rectifiers. 
The reverse voltage that appears across the self-satur- 
ating rectifiers (the rectifiers in a series with the load 
windings) is different in each of the various circuits. 
The parallel or “doubler” circuit places the least re- 
verse voltage across the self-saturating rectifiers, and 
for this reason it is often used in designs where recti- 
fier leakage is troublesome. 

In addition to the various self-saturating circuits 
already discussed, many combinations of these basic 
circuits exist. Push-pull circuits have been devised 
for applications requiring a reversible polarity output. 
Two full-wave circuits are connected in opposition 
across a common load. Balancing the outputs of the 
two amplifiers gives zero voltage to the load. Then 
connecting the control windings of the two amplifiers 
so that one is driven up as the other is driven down 
provides a reversible polarity output. Another com- 
mon application of the push-pull principle is in the use 
of magamps to drive reversible split-phase motors for 
use in servosystems. One method of accomplishing 
this is to connect two parallel self-saturating circuits, 
with ac outputs of opposite polarity, to the control 
phase of a two-phase ac motor. In other applica- 
tions, usually those requiring higher power outputs, 
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three-phase, self-saturating magamp circuits have 
been used extensively. 

Another classification of magamps are those which 
do not have a rectifier connected in series with the 
load windings. These are called simple saturable- 
reactor circuits in contrast to the self-saturating 
circuits. Simple saturable reactor magamps were 
developed prior to the self-saturating circuits and 
were used quite extensively before the development of 
rectangular hysteresis loop core materials and low- 
leakage selenium rectifiers made practical the use of 
the self-saturating circuits. 

Two basic types of simple saturable reactor mag- 
amp circuits are shown in Fig. 5. In these circuits the 
control windings are again connected in opposition so 
as to tend to cancel the induced voltages. The oper- 
ation of these circuits is considerably different from 
that described for the self-saturating circuits. How- 
ever, it is analogous to the operation of a self-satur- 
ating circuit with a large amount of negative feed- 
back. The magnetic characteristics of the cores used 
in a simple saturable reactor circuit are much less ap- 
parent in the control characteristic of the amplifier 
than is the case in the self-saturating circuit. In the 
ideal case these amplifiers also require cores with nar- 
row rectangular hysteresis loops; however, operation 
satisfactory for many applications can be obtained 
with poorer materials. In fact, practical simple satur- 
able reactor magamps have been built using ordinary 
power transformer cores for saturable reactors. 

The performance of simple saturable reactor mag- 
amp circuits is generally inferior to that obtainable 
with the self-saturating type of circuit. The ratio of 
power amplification to response time is much higher 
for the self-saturating circuits thus allowing a higher 
gain per stage with less time delay than can be ob- 
tained with simple saturable reactor circuits. The 
simple saturable reactor circuits do have certain other 
advantages such as stability and linearity which make 
them particularly useful in metering applications. 
They are being used extensively in the isolation meter- 
ing of high de currents. Current transductors, as — 


Fig. 6—A typical series of standardized general purpose magamps 
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they are called, are available with accuracies of one- 
fourth per cent for full scale currents of several thou- 
sand amperes dc. 


Time Delays: In the Operation of the half-wave, 
self-saturating magamp, there is a time delay in the 
response to a change in the control signal because a 
half-cycle of supply frequency must elapse before a 
change in flux resetting produces a change in output. 
The exact value of this time delay is dependent upon 
the particular point in the cycle at which the change 
in control current is made; however, in any case full 
response to any change will be ohtained within 144 
cycles of the supply frequency. In the case of the 
full-wave circuits, in which the large isolating imped- 
ance in series with the control winding is no longer 
required, there can be a much longer time delay in the 
response of the amplifier to a change in control volt- 
age. Here only a small de control voltage is required 
to force control current through the resistance of the 
control windings. If a small change in this control 
voltage is made, it will take an appreciable length of 


time for the control current flowing through the in- 
ductance of the control winding to reach its new 
steady-state value. 

Time delay can be reduced by placing additional 
resistance in a series with the control winding. This 
has the effect of requiring a greater control source 
voltage and thus making more voltage available for 
forcing a change in control current through the in- 
ductance of the control windings. However, addition- 
al power will be required to force the control current 
through this resistance, and thus the power amplifica- 
tion will be reduced. 

The ratio of power amplification to response time in 
cycles has been found to be a constant for a given 
amplifier over a wide range of operating conditions. 
This ratio is called the figure of merit of an amplifier. 
In its calculation the power amplification is computed 
on the basis of the ratio of tota] power dissipated in 
the load circuit to the total power dissipated in the 
control circuit. The response time is generally ex- 
pressed in the cycles of supply voltage necessary for a 
63 per cent response in the output to a step change 
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of control voltage. 

The figure of merit offers a convenient criterion for 
expressing the performance of an amplifier. For ex- 
ample, the figure of merit of a series-connected simple 
saturable reactor magamp is constant at a value of 
four per cycle. In comparison the figure of merit of 
high-performance, self-saturating magamps varies 
from about 200 per cycle to well over 5000 per cycle 
for amplifiers with higher output powers. 


General Purpose Magamps: Some indication of the 
characteristics available with modern magnetic ampli- 
fiers is given by data for a series of Westinghouse 
magamps. This series is a set of high-performance 
magnetic amplifiers designed for general purpose ap- 
plications in industrial and communications equip- 
ment control systems. The physical appearance and 
important operating characteristics of the amplifiers 
are shown in Fig. 6 and TABLE 1. 

The operating characteristics of the series as tab- 
ulated in TABLE 1 are intended for operation in the 
parallel self-saturating or doubler circuit. The data 
is for ac output but a de output can be obtained with 
the addition of a complementary bridge rectifier. The 
operating characteristics with de output will be the 
same as for ac output except for the small losses in 
the added rectifiers. 

The magnetic cores used in the series are Hipernik 
V, an iron-nickel alloy. Full advantage of the mate- 
rial’s magnetic properties are realized by utilizing the 
essentially gapless, wound strip toroidal core con- 
struction. The resultant cores have a nearly rec- 
tangular hysteresis loop and a relatively low core loss. 
In addition, the toroidal configuration results in a 
smaller mean magnetic path length; thus fewer am- 
pere-turns are required to establish a given magnetiz- 
ing force than would otherwise be required. Toroidal 
construction also saves space and weight. 

For each of the amplifiers of the illustrated series, 


Table 1—Typical Series of Magamps 





Characteristic Nominal Power Output (watts)? 
7.0 40 180 


0.04 0.3 





Nominal ampere-turns for control? 0.35 0.60 2.0 3.3 5.5 


Ac supply voltage (v)........... 6.3 12.6 30 115 230 
Frequency (CPS) .......+eeeeeee- 60 60 60 60 60 
ND  c enenge c6eecdnn 6und'en bs sec 1 1 1 1 1 
Maximum usable incremental figure 

Oe EE v.06 cnn 60 cones bvneees 170 310 410 1000 1200 
Maximum incremental power ampli- 

fication (3 cycle response)*.... 240 400 450 600 
Output current’ 

SD * 646 cane shecumates 0.150 0.24 0.60 0.60 1.1 

By. GUD ceccesocccbecsaens 0.016 0.603 0.50 0.96 3.3 
Weight of reactor (lb) .......... 0.13 0.20 0.85 2.5 7.0 
Reactor diameter (in.) .......... 1% 1% 2% 3% 4 
Reactor height (in.) ............ 1% 1% 2% 2% 2% 





1 Maximum obtainable within the linear range of the control char- 
acteristic curve for rated load. 

2 Control] ampere-turns necessary to change the output from cutoff to 
nominal power output point. 

3 Ratio of maximum power amplification to response time. 

* Amplification corresponding to three cycle response time over the 
linear range of the control characteristic curve for the optimum 
load resistance. 

5 Rms value if output is ac; average value if output is dc. 
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the core size, output windings, winding space available 
for control windings, and physical assembly are stand- 
ardized. The complete operating characteristics, in a 
form independent of the number of control turns, and 
also information necessary for the design of the con- 
trol windings are set down for each amplifier. Thus 
great flexibility is obtained by allowing the user com- 
plete specification of the control windings within the 
limitations of the available space and manufacturing 
techniques. 

The reactors for the amplifiers of this typical series 
are vacuum cast in a thermosetting resin which as- 
sures a maximum of environmental protection and at 
the same time produces a relatively small and light- 
weight unit which is mechanically durable and easy 
to mount. 


Typical Applications: Magamps have been applied 
in such diverse fields as servosystems for aircraft 
automatic pilots and voltage regulators for central 
station generators. They have been used to amplify 
the outputs of thermocouples, photocells, and ioniza- 
tion chambers as well as to control the speed of the 
largest steel mill drive motors. These are but a few 
of the many fields of application in which the use of 
a magnetic amplifier has resulted in a more satisfac- 
tory system than could be obtained with electronic 
tubes or rotating amplifiers. 

The description of a few typical applications of mag- 
netic amplifiers will serve to illustrate the potentiali- 
ties of this new tool. 

A basic example illustrating the application of mag- 
amps to a particular field is the speed control of a dc 
motor. There are many applications requiring a close- 
ly controlled variable-speed drive such as steel rolling 
mills, elevators, automatic machine positioning drives, 
drives for rotary cutting tools, etc. Dc motors have 
been widely used in applications requiring a variable- 
speed drive because they are relatively simply con- 
trolled by varying either the field current or arma- 
ture voltage supply. Wide speed range applications 
usually require armature voltage control. Magamps 
may be used to supply a controlled voltage to the 
armature directly or, in the case of larger installa- 
tions where a separate de generator is used to supply 
a de motor, a magamp may be used to control the 
generator field current. An example of this is a large 
tandem cold reduction mill drive. These mills, for 
turning out steel strip for cans, refrigerators, stoves, 
automobiles, and toys, consist of four or five stands in 
line. Strip thickness decreases as the metal travels 
through each stand and the speed of each successive 
stand increases accordingly. Each stand uses a dc 
motor rated at several thousand horsepower driven 
from a separate generator. A magamp regulator has 
been developed: to control a four-stand tandem mill 
and has been found to equal or better the excellent 
performance obtained from the rotating-regulator 
systems now in use. 

Wide-range speed variation of a fractional horse- 
power dc motor is another example of the control pro- 
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vided by magamps. For example, a standard 1/12-hp 
de motor is to be controlled with a small 2-watt po- 
tentiometer. The maximum output power required 
from the amplifier is somewhat over 100 watts in or- 
der to supply motor losses and the 62 watts corre- 
sponding to the 1/12-hp rating as well as to provide 
for some forcing. The 180-watt nominal output mag- 
amp listed in TABLE 1 comes closest to meeting this 
power requirement. The circuit used is shown in Fig. 
7. Output of the magnetic amplifier is rectified, with 
a bridge connected selenium rectifier, and fed directly 
to the armature of the de motor. Ac supply voltage 
is standard 115 volt, 60 cycle and a step-up transform- 
er is used to obtain the 230 volts for the magnetic 
amplifier. A separate bridge connected selenium recti- 
fier is used directly from the 110-volt line to obtain 
field voltage for the motor and also as a source of con- 
trol current for the magnetic amplifier. In order to 
keep the response time less than 0.1-second, the ratio 
of control turns squared to control circuit resistance, 
should be less than 1500. In the circuit shown in Fig. 
7 a 1000-turn control winding is used, requiring a 
maximum of 5.5 milliamperes of control current. Ap- 
proximately 100 volts de will be available from the 
rectifier and with 15,000 ohms in series with the con- 
trol winding, more than enough current will be avail- 
able to obtain cutoff in the amplifier and stop the mo- 
tor. A potentiometer of 10,000 ohms across the 100 
volt de supply will dissipate less than the allowable 
two watts. The ratio of control turns squared to con- 
trol circuit resistance is always less than 70 and, from 
the data in TABLE 1, the response time of the amplifier 
will be less than four cycles of the 60 cycles per sec- 
ond supply frequency. Of course, the response of the 
complete system will be much longer due to inertia. 

This system for controlling a motor with a small 
potentiometer is perhaps of little practical value by 
itself. However, if the small potentiometer were re- 
placed by some sensing device that compared the 
motor speed to a reference and delivered an output 
proportional to the difference, then the amplifier could 
be used to regulate the motor speed. Such a system 
would be a feedback control system and could be made 
to give very accurate regulation of the motor speed at 
any desired value. Since feedback is present, care 
must be excercised in the design of such a system to 
avoid oscillatory behavior but, due to the excellent 
mathematical tools available for analyzing such prob- 
lems, little design trouble is generally encountered. 

A feedback speed controller for the 1/12-hp de mo- 
tor is shown in Fig. 8. The speed sensing is obtained 
from the back induced voltage of the motor rather 
than from a separate tachometer in order to make the 
system self-contained and as inexpensive as possible. 
The back induced voltage of a motor is proportional to 
speed if the field current is constant; however, the re- 
sistance drop in the armature will modify this rela- 
tion. A signal that is proportional to speed is ob- 
tained by sampling a combination of armature current 
and voltage. The reference for the system is the rec- 
tified and filtered output of a constant-voltage trans- 
former. The constant output of the rectifier is also 
used for the motor field supply to make use of the 
speed-sensing scheme as shown. Filtering of the ref- 
erence signal and a speed-sensing signal is necessary 
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because each has a different wave form and can only 
be compared on the basis of their average values. 

Two stages of amplification are required with the 
feedback control system in order to obtain sufficient 
amplification to achieve the desired accuracy and yet 
not introduce excessive time delays. Comparison of 
the speed-sensing signal and reference signal is ac- 
complished magnetically in the first stage magamp. 
The full reference current alone would drive the first 
stage far into the full output region while the sensing 
current at full motor speed would drive the first stage 
far into the cutoff region. The two signals at the 
same time will result, under equilibrium conditions, in 
the first stage operating somewhere in the control 
region. The second stage has a bias winding in addi- 
tion to a control winding connected to the output 
of the first stage. With no output from the first 
stage the bias will place the second stage in the cutoff 
region. Full output from the first stage will drive 
the second stage into the full output region. Thus 
in operation, a reduction in motor speed below the 
equilibrium value set by the reference potentiometer 
will cause the speed sensing signal to drop, which 
increases the first stage output. The increased con- 
trol to the second stage will increase its output 
causing the motor speed to increase. 

The system as shown gave speed control over a ten 
to one range with regulation from no load to full load 
of five per cent at full speed and of eight per cent at 
25 per cent of full speed. The response time for a 
step change in reference signal was 1.6 seconds with 
a heavy flywheel on the motor. 


Position Servosystems: An increasingly important 
role is being played by position servos in the field of 
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machine design. The era of the truly automatic ma- 
chine is dawning and the muscles and nerves of the 
robot are position servos. They were used extensive- 
ly during World War II for gun training, radar indi- 
cators, aircraft control systems, and in numerous 
other applications. Many of these existing applica- 
tions are being re-evaluated at the present time from 
the standpoint of replacing vacuum tube and relay 
amplifiers with magamps. 

A position servosystem consists basically of a de- 
vice to be moved, a motor to move it, a sensing ele- 
ment to indicate position, a reference with which to 
compare the sensing signal, and a power amplifier to 
amplify the error signa] and operate the motor. On 
a machine tool such as an automatic milling machine, 
the device to be moved might be the work-holding 
table. The drive might be a split-phase induction mo- 
tor that moved the table through a set of reducing 
gears, a lead screw, and a drive nut. The sensing sig- 
nal could be a potentiometer operated directly from 
the table by a rack and pinion gear drive. The refer- 
ence signal could be either an angular position on an- 
other potentiometer or a corresponding voltage from 
a master computer. The amplifier would be magnetic 
and probably consist of two stages. 

Drive motors for magnetic amplifier position servo- 
systems may be either reversible de or two-phase ac 
motors. Each has certain advantages, and a choice 
between the two types must be based on the require- 
ments of a particular application. In general, a sys- 
tem using a de motor is the smaller and more effi- 
cient, but reliability is limited by mechanical brush 
wear. A two-phase ac induction motor can be made 


with good mechanical reliability and, since there are 
no brushes, lower friction losses are possible. 
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MAGNETIC AMPLIFIERS 


A few examples demonstrate the manner in which 
a magnetic amplifier is used in a position servo. A 
simplified circuit using a de motor with a split-series 
field is shown in Fig. 9. The variations of possible 
amplifier circuits using de motors are numerous. 
Small servos frequently use dc series motors as shown, 
while intermediate or larger systems often use shunt 
motors. Potentiometers are used as position sensing 
elements, although with slightly more complex cir- 
cuitry synchros could be used to sense position. The 
left-hand control is used to set the desired position. 
The right-hand potentiometer is mechanically con- 
nected to the device that is to be controlled. Any dif- 
ference in the settings of the positions of the two 
potentiometers produces an error signal in the ampli- 
fier control windings. This signal causes the amplifier 
to drive the motor in the proper direction to correct 
the error. The magamp consists of two separate am- 
plifiers connected so that each alone would cause the 
motor to rotate at full speed in one direction or the 
other. A bias current, applied to each amplifier, op- 
erates both in the linear control region with equal 
outputs. Under this condition, there is no net de 
delivered to the motor and it remains stationary. The 
control windings are connected so that a control sig- 
nal increases the output of one amplifier and decreases 
the output of the other, thus causing the motor to 
rotate in a direction dependent on the polarity of the 
control signal. 

A position servo using a two-phase ac induction 
motor is shown in Fig. 10. The system of control is 
identical to that used for the de motor servo. Re- 
versal of the ac motor can be obtained by changing 
the phase of the voltage applied to the motor control 
phase by 180 degrees. The two amplifiers are con- 
nected so that the voltages delivered to the motor by 
each are 180 degrees out of phase. Thus, if each 
amplifier has equal output, the net voltage to the mo- 
tor will be zero and it will remain stationary. A con- 
trol signal will cause the output of one to increase 
and the other to decrease, thus applying a voltage to 
the motor of a phase dependent upon the polarity of 
the control signal. 

Important operating characteristics of a position 
servo are accuracy, response time, and stability. Ac- 
curacy is dependent upon the system gain. Two or 
more stages of amplification are generally required 
for a practical application. Response time of a sys- 
tem is dependent on the natural frequency of the mo- 
tor and its load as well as the time delays introduced 
by the amplifier. The overall response time of a 
system is normally as short as possible so that con- 
trolled devices follow input control changes with 
little error. The problem of obtaining system stabil- 
ity with the required accuracy and response time is 
one of the more difficult phases of servo design. Great 
strides are being made in this field, and mathematical 
tools are available which enable a designer to deter- 
mine the combinations of amplifications and response 
times which will produce the desired result without 
any undesirable tendency toward oscillation. 
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Tandem Helicopter Has | | 


REEDOM from torsional vibra- 

tion, which places excessive strain 
on rotor blades, is one of the features 
of the MC-4 helicopter, Figs. 1 and 2. 
Rotor pitch control of the McCulloch 
Motors Corp. helicopter, although 
conventional, emphasizes simplicity 
and complete interchangeability of 
front and rear rotor parts. 

Both rotors are powered from a 
horizontal 3-inch diameter aluminum 
drive-shaft running the length of the 
helicopter, Fig. 3, which transmits 
power to each rotor through a right- 
angle reduction unit. All components 
of this system are interconnected 
through self-aligning couplings. A 
V-belt central drive, Fig. 4, links the 
engine to the rotor transmission sys- 
tem. Twelve V-belts transmit power 
from the lower pulley to the upper 
pulley, which contains a freewheeling 
unit to permit autorotation of the 








EMPORARY DESIGN 


as | Unique Transmission 


rotors in case of a power-plant failure. 
Clutch operation is by means of a 
idler pulley controlled from the cock- ; 
pit, shown engaged in Fig. 4a and : “ a outer race 
disengaged in 4b. - . | . 
Rotors are of the fully articulated 
type, with changes jn _ rotor-blade 
pitch accomplished by a swashplate 
mechanism. Depressing a _ rudder 
pedal, for example, tilts the swash- 
plate laterally, Fig. 5, through a thas > ; Longitudinal 
chain-and-cable control system which 3 . control link 
turns a bellcrank linked to the sta- 
tionary inner race of the swashplate. Swashplate 
The swashplate outer race, which inner race ey . Lateral 
turns with the rotor assembly, is pro- =: ' control link 
vided with three control arms con- 
nected directly to the blade pitch- 
control horns, Turning is accomplished 
by inclining rotor swashplates in op- 
posite directions; lateral (sidewise) 
movement by inclining both in the 
same direction; and _ longitudinal 





(forward and backward) movement with a push-pull 
system operating the longitudinal control link to tilt 
the swashplate. 
Additionally, collective pitch of all blades can be 
adjusted by moving the entire swashplate vertically, of the helicopter is controlled by a separate pitch- 
since the whole mechanism is sleeve-mounted on the control lever, which also controls the throttle to com- 


drive shaft. Thus, upward or downward movement pensate for the change in horsepower requirements. 


Rotating Cable Senses Coal Height in Loader 


O PREVENT breakup and degradation of coal dropped 

into a ship loader, Fig. 6, J. A. Kell of Chesapeake and 
Ohio Railway Co. has developed a “servomechanism” for au- 
tomatic control of coal height. 

To sense coal height, a wire cable hanging inside the load- 
er, Fig. 7, is rotated by a motor and gear reducer. When coal 
level is high, torque resistance on the cable causes the motor 
to slow down, unbalancing a bridge circuit, Fig. 8. This un- 
balance causes the chute gate to open, rebalancing the circuit 
by means of the repeat-back device on the chute gate. As coal 
level starts to fall, the motor speeds up, causing an unbalance 
that closes the gate to a point where the bridge circuit is re- 
balanced. Thus, coal level is maintained at a predetermined 
level. 
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Studebaker Features Mechanical Power Steering 


WIN FEATURES of the 1953 or 
Studebaker, Fig. 9, are the Con- 7 a 

tinental styling (only 56% inches 
ground-to-roof height) and the new 
all-mechanical power-steering unit, 
Fig. 10. Power for the unit, less than 
0.12-horsepower at 45 mph compared 
with about 0.94-horsepower for a hy- 
draulic power-steering unit, is de- 
livered by a belt-driven input shaft. 

Two counter-rotating clutches 
geared to this shaft, Figs. 11 and 12, 
are the heart of the unit developed 
by Warner Gear Div. of Borg-Warner 
Corp. Each consists of a ring gear 
splined to the driving plates, with 
driven plates splined to the output 
hub. When the steering wheel is 
turned, a ball-bearing screw on the 
control shaft causes the pressure 
plate to move axially, applying en- 
gine power—at a 5 to 1 reduction in 
speed—to the output hub. As the 
output hub rotates, it rotates the 
pressure plate to the indexed position 
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CONTEMPORARY DESIGN 


(see section A-A), thus releasing the clutch. 

A “manual feel” is imparted to the action by the 
spring hub (section B-B) splined to the control shaft. 
Three tangs on the output hub are centered by springs 
which can be replaced to adjust the “feel.” When 
steering effort required is small, the spring hub turns 
the output hub directly because of the centering 
action of these springs. If required torque rises above 


the spring preload, relative rotation between the 
spring hub and output hub occurs, and the power 
steering unit is brought into play. When the steer- 
ing wheel is released, the unit imposes no inter- 
ference with natural recovery forces set up by the 
steering geometry of the car. If power fails, a ratchet 
on the input shaft permits the mechanism to overrun, 
and the car steers manually through the spring hub. 


Constant-Force Spring Meters Level-Measuring Cable 


Ca is metered under constant force 

through 35 feet of travel by a neg’ator 
spring in the Levelrator level-measuring in- 
strument, Fig. 13. As float position changes 
in accordance with liquid level, motion is 
transmitted by the cable to a drum, Fig. 
14. A constant torque of 1.1 lb-in., deliv- 
ered by the neg’ator regardless of float 
position, counterbalances the float with- 
out cable slippage or unwinding if sudden 
float movements occur. 

Replacing multiple-spring systems, which 
are unsatisfactory for constant force over 
large distances, and bulky dead weights, 
the constant-force spring “motor” also 
drives a dial and counter. Cable traverse 
across the face of the cable drum is by 
means of a screw-driven guide operated 
by chain and sprocket from the drum 
output shaft, Fig. 15. The Fischer and 


Porter Co. instrument has an accuracy of +%%-inch, and can 
be furnished with electric, pneumatic or selsyn transmitting units 
driven by the same system for remote indication. 
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HYDRAULIC 


CONTROL SYSTEMS 











ESIGN of hydraulic systems is essentially sim- 
D ple; too simple almost, for many engineers are 
tempted to seek solutions for their particular 
problems by the mere exercise of their own ingenuity, 
and waste much time and effort in doing what some- 
one else has done better before, but of which they 
were unaware. 

Designing hydraulic systems and components which 
will work after a fashion is easy, but designing for 
maximum simplicity and effectiveness is not quite sv 
simple. Besides experience, for which of course there 
is never a complete substitute, three things are nec- 
essary: (1) Acquaintance with the past practice in the 
art, (2) correct appreciation of the fundamental prin- 
ciples underlying all circuits, and (3) knowledge of 
the subtleties which often lurk behind the seeming 
simplicity of hydraulic equipment. 

It is only quite recently that specific data! 2. 3 4 
have become available to help enlighten the practi- 
tioner on these matters. The endeavor here will be to 
put the subject on a methodical and systematic foun- 
dation. It is the hope that the reader who thoroughly 
assimilates this series of articles will approach his 
problems with full awareness of the possibilities and 
techniques of hydraulics, and will be able to solve 
them in an elegant manner and with a minimum of 
effort. 


‘References are listed at end of article. 
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Motion and Load: The concepts of motion and load 
underlie all machinery problems. Strictly speaking, 
the two concepts are inseparable, since no load can 
be generated without producing motion (be it only 
elastic deflection) and no motion can take place with- 
out load being exerted (be it only that required to 
overcome friction). In many cases, however, one of 
the two concepts becomes of minor significance. Thus 
in a plastic molding press the primary requirement is 
to maintain a given load on the dies while they remain 
practically stationary. In a remote signalling system 
the desired end is to reproduce motion at a distance, 
the load opposing this motion sometimes being neg- 
ligible. In a lifting crane both concepts are equally 
important. 

Motion may be transmitted, and load exerted, in 
many ways. In certain cases it is convenient to use 
a liquid as a medium for these purposes. Looking at 
the problem from the point of view of motion trans- 
mission, the convenience arises partly from the fact 
that the transmission line can follow arbitrary paths, 
and partly from the comparative ease with which mo- 
tion can be controlled. From the point of view of load 


Fig. 1—Modern 6500-ton hydraulic press de- 
signed to hot pierce billets up to 26,000 pounds 
or cold form plate up to 234 inches thick by 
10 feet wide and 42 feet long. Photo, courtesy 
Babcock & Wilcox Co. 
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that loads of very high magnitude can be generated 
with ease. Among other factors may be mentioned 
ease of control of the magnitude of loads, ease of hold- 
ing specified loads at standstill, and ease of propor- 
tioning loads in various members. 

Applications in which loads are of such small magni- 
tude that they could easily be exerted by a variety of 
different means form but a very small portion of the 
field of hydraulic machinery. The typical hydrauli- 
cally operated machine is one which has to exert rela- 
tively high loads, i.e., in its “purest” form, the hy- 
draulic press, Fig. 1. In the same category are all 
machines based on hydraulic cylinders which exert 
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exertion, the convenience resides mostly in the fact 






loads of some magnitude, usually at comparatively low 
speeds, e.g., aircraft undercarriage retracting gear, 
lifting cranes, etc. 

In most applications the use of hydraulic operation 
in preference to other methods has been adopted for a 
variety of reasons, which often differ for individual 
cases. New applications are continually being devised 
and established ones are sometimes abandoned. For 
all these (and other) reasons, the scope of hydraulic 
machinery cannot be accurately defined, nor would 
any useful purpose be served by cataloging applica- 
tions, especially since many significant examples will 
be found in the text as illustrations of general prob- 
lems. 


CONSIDERATIONS 





Hydraulic System as a Whole: Guiding considera- 
tions in the design of circuits, and in the design or 
selection of equipment, are the same as those which 
apply to the majority of engineering problems. These 
can usually be classified as: (1) performance, (2) re- 
liability, (3) safety, and (49 cost, although relative 
importance and even significance of all four are sub- 
ject to wide variation and there is often no sharp di- 
viding line between them. 

The term performance has a particularly wide scope, 
and may comprise: efficiency in the strict sense of 
ratio of power output to input; operational effective- 
ness and convenience; compactness (often an impor- 
tant consideration), and, in the case of aircraft, low 
weight. 

Reliability needs little comment, except perhaps to 
say that the term should include the ability to per- 
form with the minimum of routine maintenance, and 
also easy rectification of troubles. Safety can be con- 
sidered as freedom from danger to the operator (or 
occupant, etc.) during the normal functioning of the 
machine, which may be associated with freedom from 
danger to life and limb in the event of malfunctioning. 
In stationary machinery such danger rarely exists ex- 
cept from structural weakness, material or manufac- 
turing defects, or overloading. In aircraft and in cer- 
tain vehicle applications (e.g. steering and brake 
gear) reliability and safety are almost synonymous. 
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Reliability should also include that of any methods 
of emergency operation which may be provided. 

Cost must include that of installation, which may 
be an important item, and that of designing any spe- 
cial control gear or other apparatus which may be 
called for. 

In the author’s experience and opinion, the keyword 
to success in hydraulic machinery is simplicity. This 
comprises simplicity of the circuit, particularly in the 
sense of having as few valves as possible, simplicity in 
the functional principles involved, and mechanical 
simplicity of the individual components of the system. 
However, it is not considered justifiable to purchase 
simplicity at the cost of operational convenience. For 
instance, in a press which has to remain under load 
over an appreciable period of time, it seems wrong to 
call on the operator to ensure correct maintenance of 
the pressure when this can be done automatically, even 
if the system can be simplified by so doing. Likewise, 
in order to achieve simplicity it would not be deemed 
justifiable to call on the operator to hold on to a con- 
trol handle if the natural and sufficient action corre- 
sponding to the functioning of the machine is to let 
it go. The author has seen these and similar inade- 
quacies perpetrated, sometimes even with no apparent 
gain in other directions. 


Commercial Considerations: The whole problem of 
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devising a suitable system for any particular machine 
is to some extent dominated by the fact that even 
standard commercially available hydraulic valves are 
expensive, coupled with the fact that design and man- 
ufacture of special valves for a particular machine 
would be more expensive still, unless quantities are 
very large. In order to avoid as much as possible 
being called upon to undertake the design and/or 
manufacture of special components, makers of hydrau- 
lic equipment endeavor to produce valves which are 
adaptable to a reasonable variety of applications, and 
which are therefore often not the optimum for a par- 
ticular case. If, as is generally the aim, available 
standard equipment is to be used to the greatest prac- 
ticable extent, it is often necessary to compromise, 
particularly on the score of simplicity. 

Where production of a particular machine is planned 
in moderate quantities (say under a hundred, or even 
a few hundred) the use of available standard pumps, 
valves, etc. (but not necessarily cylinders, standardiza- 
tion of which is a difficult problem), is most often the 
only commercially practicable solution, Fig. 2. On 
the other hand, where sufficiently large quantities are 
involved it is often economical as well as convenient 
to design special valves for the machine in question. 
Specially designed pumps are but very rarely justi- 
fiable. 


Valve Design and Valve Groups: The more obvious 
aspects of the bearing of installation problems on 
valve design hardly need mentioning. They include 
suitable mounting arrangements (sometimes neglect- 
ed), convenient disposition of connections from the 
point of view of pipe runs, and other commonsense 
considerations. 

One point that is sometimes neglected is the desira- 
bility of avoiding external connections where these 


nn het et, eee 


ey 7°8 
es of 


MACHINE DESIGN—April 1953 


connections can be made within the valve itself. Thus 
if open-center control is required for a single cylinder, 
it is clumsy to use a six-way valve as in Fig. 3, with 
two external connections at A and B, when a four-way 
valve could do the job. Similarly, a well-designed un- 
loading valve for twin-pump systems should be as 
shown in Fig. 4, the check valve together with con- 
nections FE and F being within the valve body, exter- 
nal connections being at A, B and C, with preferably 
an additional connection at D to save a tee. 

Certain other valves are almost invariably connected 
in a branch from a pipe line (usually the pressure 
main), the main types in question being relief valves 
and unloading valves. It is frequently the custom to 
design such valves with a double connection at the side 
corresponding to the branch, as shown in Fig. 5, thus 
again saving a tee, with resultant reduction in cost, 
space, and possibility of leakage from joints. Multi- 
purpose valves are helpful in making neat installations 
and reducing cost, Fig. 6. 

For installation on mass-produced machines, it is 
often convenient to group a number of valves (and 
possibly also other items such as small accumulators) 
together and mount them on a separate special brack- 
et, Fig. 7, the necessary interconnections within the 
group being made before the bracket is assembled on 
to the machine so that a minimum number of connec- 
tions need be made on final installation. Such a pro- 
cedure is often further improved by the use of “pad 
mounting” valves in which all connections (with pos- 
sible exceptions, particularly for pilot lines) are made 
on one face, the connection holes being unthreaded 
and formed with a recess to receive a rubber ring de- 
signed to seal against a flat mounting pad, Fig. 8. One 
such pad or transfer plate receives a number of valves, 
connections being established, before the valves are 
mounted, by pipes at the back of the pad or by drilled 

















SYMBOLS FOR HYDRAULIC 





Until comparatively recently, every organization 
had its own ideas on hydraulic symbols. Because 
many practices were prevalent, diagrams were dif- 
ficult to follow. For example, two parallel lines 
represented a pipe, when a single line would do 
and look much neater. Drawings of components 
were overelaborated, showing minor construction- 
al details. Purely formal representations of com- 
ponents were made in the fom of their external 
outline or just by a rectangle, with no clue as to 
their functions. 

In the United States the subject has been set- 
tled largely by the adoption of the JIC system of 
symbols. In Great Britain a standard system of 
symbols was adopted by the aircraft industry dur- 
ing World War II and this system has been used 























for the diagrams illustrating the present series of 
articles. Unfortunately this system has not as yet 
been widely publicized but its general principles 
are as outlined in the following paragraphs. 

1. Pipes are represented by single lines, which 
may carry an arrow to indicate the direction of 
flow, if this is always in the same sense. In addi- 
tion, the letter P indicates a line from the pump, 
T a line to the tank. 

2. Symbols for relatively complicated compo- 
nents such as pumps are purely conventional. 

3. Symbols for valves and other simple com- 
ponents are such that their function and mode of 
operation are plainly visible. In simple diagrams 
the function only is considered and, say, a rotary 
valve symbol may be used for the sake of simpli- 
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DIAGRAMS 


city. In more detailed diagrams of actual systems 
the symbol will be more explicit, and will show 
whether the valve is of the rotary, slide or seating 
type and its actual basic arrangement to the ex- 
clusion of constructional details. 

4. No attempt is made to evolve a fully com- 
prehensive set of symbols for valves, since their 
variety is practically limitless and new types are 
continually being devised. Adaquate symbols for 
new types are easily developed by following the 
same principles as those used in existing symbols, 
as shown on this page. 

Certain additional recommendations are worth 
mentioning, although not strictly relevant to the 
SS text. These are that there should be three 

inds of diagram: (1) A simplified one illustrating 






only the mode of operation, and omitting details 
such as filters, pressure gauges, etc., and showing 
only one of a number of cylinders in parallel; 
(2) A complete diagram showing every compo- 
nent and pipe, the items being roughly laid out ac- 
cording to their positions in the aircraft, vehicle 
or machine; and (3) a ip quote drawing il- 
lustrating the positions of the components when 
installed. The complete diagram also indicates 
pipe sizes, output of pumps, pressure setting of re- 
lief valves, etc. 

The accompanying diagrams show the symbols 
for certain of the more important valves and for 
components other than valves. Symbols for other 
valves are introduced when the particular type is 
discussed in the text. 
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passages within it, Fig. 9. 

Valve grouping and reduction of piping may be 
carried to the extreme in those cases where the con- 
trol gear is specially designed for one particular ap- 
plication. In such cases a number of valves may be 
located within a single body, and all their interconnec- 
tions achieved by internal drillings within that body. 


Valve Size and Capacity: Valve size is usually speci- 
fied by the size of the connections. There is of course 
no absolute reason why the severa] connections should 
be the same, but for standard valves it is the rule to 
make them so, with the exception of pilot connections. 
Another exception is often made in the case of selec- 
tors intended to control single acting (gravity return) 
presses where the pressure available for return is 
usually extremely low, necessitating large passages 
and pipes in the paths from the selector to the cylin- 
der and tank although a much smaller pipe is sufficient 
for the pressure inlet. 

Passages within valves are usually made of ap- 
proximately the same size as the pipes for which the 
connections are intended. Definite flow rating, i.e., a 
maximum permissible flow figure, usually has little 
significance for a valve unless the maximum system 
pressure is specified, since most valves cannot be 
“overloaded”. The usual criterion of permissible flow 
is the permissible pressure loss through the valve, 
which is generally set at a given fraction of the max- 
imum system pressure. One exception arises in the 
case of valves which are sensitive to back pressure in 
the return line, as with many hand-operated slide 
valves return line pressure would tend to move the 
spool. Another exception arises in certain automatic 
valves, particularly relief valves, which may have a 
definite maximum flow capacity. 


Standard Valve Ranges: There are comparatively 
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ranges of valves for industrial hydraulic machinery. 


A desirable range of valves should fulfill the following 


requirements: 


1. Valve types should be available in a number of 
sizes to cover the requirements of machinery of 
varying horsepowers, without making it necessary 
to use valves much larger than the minimum ac- 
ceptable. For industrial purposes (not aircraft), 
it should be sufficient to standardize say on %, 
1%, 1, 1%, and 2-inch sizes, omitting intermediate 
steps. The call for sizes larger than 2-inch is 
extremely rare. The %-inch size would be used 
in pilot lines, and also in high-pressure systems 
(say, over 3000 psi) of comparatively low power. 

2. Within the limitations of commercial practicabil- 
ity, the range should come as near as possible to 
including every type of valve that is likely to be 
called for in the solution of any circuit problem 
which may recur with reasonable frequency. 


Hydraulic equipment calls for comparatively elabor- 
ate and expensive tooling, which can be justified only 
if production is large enough and this factor usually 
sets a limit on the variety of standard valves which a 
manufacturer is prepared to produce. Ingenuity in 
design can be effective in connection with this problem, 
as it is possible to produce a wide variety of valve 
types from a comparatively small number of detail 
components used in different combinations, provided 
the range is designed as a whole from the start. Thus, 
many different types of selectors can be made up from 
comparatively few basic parts; similarly a range of 
automatic valves can have a large proportion of com- 
ponents in common. 


Determination of Pipe and Valve Sizes: For any 
given machine, loads and speeds of operation being 
specified, the rate of flow is determined when a value 
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is assigned to the maximum pressure. The latter can 
usually be chosen arbitrarily within limits, and the 
factors governing its choice will be discussed later. 
It will be assumed here that some suitable value has 
been chosen and, hence, that the flow is fixed. 

A few valves have a definite flow rating, and with 
these the minimum size is immediately determinable. 
In general, however, the criterion for both pipe and 
valve size is pressure loss. 

Rule-of-thumb criteria for permissible flow (based 
on a fixed value of allowable linear velocity) are to 
be strongly discouraged as being of little significance. 
No doubt the soundest method is to fix an arbitrary 
allowable pressure loss, and calculate minimum pipe 
and valve sizes accordingly. The significant quantity 
from the efficiency point of view (which is the usual 
criterion) is of course not the absolute loss, but the 
loss expressed as a percentage of maximum pressure. 
The choice of a figure for this value may vary with 
different applications, according to the relative im- 
portance of power economy and installation compact- 
ness. For most industrial applications, a figure of 5 
per cent of the maximum pressure seems reasonable. 

There are two sources of loss, viz., pipe friction, and 
orifice effects. The latter include not only direct ef- 
fects of restriction (which may often be negligible), 
but also the effects of sharp changes of direction of 
flow. There are usually several such changes of direc- 
tion within a valve and similar changes occur at tee 
pieces and “banjo” connections. Hence, passages in 
valves should be of the same order of size as the maxi- 
mum bore of the pipes which the valve is designed to 
take to permit a single orifice loss criterion to cover 
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both pipes and valves (in the smallest sizes, orifice ef- 
fects are usually low as compared with pipe friction 
effects and valve passages may be made rather smaller 
than the bore of the pipes). 

In practice one of the two factors (orifice loss and 
friction loss) is almost invariably considerably higher 
than the other and it is therefore sufficient to deter- 
mine which of the two js critical, and calculate sizes 
on the basis of that effect only, neglecting losses due 
to the other. 

Assuming that the sum of all the orifice effects in a 
system is equivalent to the discharge loss through 
orifices of diameter d in inches equal to the pipe bore. 
If C is the orifice coefficient and p the permissible to- 
tal loss in psi, the allowable flow q in gpm is given by: 


a = s05acy¥—..... Eee Me POR Te (1) 
n 


The pipe friction loss will depend on whether flow 
is laminar or turbulent, the transition between the 
two being approximately at the point where 


» = —. (2) 


» being the kinematic viscosity in stokes. 

For laminar flow the maximum viscosity » employed 
is that corresponding to the lowest temperature for 
which the given loss can be tolerated. The permissible 
flow is then given by 


36 p d* 


Lv max 





where L is the length of pipe run in feet. 
Under turbulent flow conditions two cases must be 














considered. If either laminar or turbulent flow can 
occur according to the temperature, i.e., if the transi- 
tion point lies within the working viscosity range, 
then the maximum loss will be at the transition point 
temperature and viscosity. The permissible flow is 
then given by 


d5 
a 40.4 —— (4) 


If flow is turbulent for the full range of temperatures 
under consideration, the highest value of viscosity 
must be taken and the permissible flow is given by 


550 p d4-75 4/7 
a = | —_—_— (5) 
(¥max) 75 L 


From Equations 1 through 5 it is possible to derive 
the following criteria: 


1. Orifice losses are never critical if the flow is less 
than 


25.8 C2» L 
¢=-— (6) 
n 
2. Turbulent flow conditions are never critical if per- 
missible pressure loss is greater than 


6.78 raz? n® 
eo _ 


3. If turbulent flow conditions are critical, they can 
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Fig. 9—Transfer plate for a Heald internal 8 
passages provide flow channels for pad-mounte 








rinding machine. Cored 
valves to eliminate piping 








only be so between values of pipe length given by 


1.18 d?V np nd 
L = —————— and L = ——— (8) 
Vmax Cc 0.571 C2 


The temperature range will depend on the application. 
For industrial machinery working indoors, a range of 
20 C to 60 C seems reasonable, lower temperatures 
being disregarded on the grounds that comparatively 
high losses can usually be tolerated while the system 
warms up (except for suction pipes). For suction 
pipes somewhat lower temperatures should be taken, 
say 10 C for this type of application considered. A 
loss of 2 psi is suggested as reasonable. Orifice effects 
should be negligible with a well-designed installation. 

This theory is applicable to systems in which the 
flow is derived directly from the pump. Where use is 
made of a large capacity accumulator recharged dur- 
ing idle periods, somewhat different criteria may be 
taken, especially if peak loads occur only during a 
comparatively short fraction of the actual working 
time. With an accumulator, it is the pipe size that 
determines the speed of operation and sizes must be 
calculated accordingly. Pipes can often be substan- 
tially smaller than with systems operating directly 
from a pump. 


Choice of Working Pressure: The chief factor favor- 
ing high working pressures is reduction in size of cyl- 
inders, valves, pipes, and other components and also 
the consequent reduction in cost, except for the pump. 
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Fig. 10—Long-travel hy- 
draulic cylinder used for 
a sawmill table drive 
carries maximum work 
load under tension, re- 
turns unloaded in com- 
pression. Photo, courtesy 
Oilgear Co. 





Pump cost is generally a function of horsepower rath- 
er than delivery. Elasticity effects are also of impor- 
tance, in some cases, and their magnitude increases 
with increasing pressure. Consider for instance a cyl- 
inder designed to exert a maximum load F in pounds 
over a stroke s in inches. If the maximum pressure 
is p, in psi, the cylinder area is F/p and volume Fs/p. 
If K is the bulk modulus of elasticity, the volumetric 
compression of the oil in the cylinder is Fsp/pK = 
Fs/K and the energy stored in the compressed oil is 
Fsp/2K, i.e., directly proportional to the magnitude 
of the working pressure selected. 

Elasticity effects may be unfavorable in that they 
increase the power required to build up to full load 
in a given time, the criterion of power in certain 
presses. Too, they may be favorable if they are to 
be utilized as the source of capacity in an unloaded 
live system, dispensing with an accumulator. 

A limitation is often set by the strength of a cyl- 
inder, if the latter is of substantial length, and high 
loads occur in compression, Fig. 10. Thus, for a 
single-acting cylinder with an effective area equal to 
that of the piston rod, a minimum size and hence a 
maximum pressure is immediately obtainable from 
the buckling load. With double-acting cylinders the 
piston rod size may be determined similarly from 
the buckling strength, which may limit severely the 


MACHINE DEsIGN—April 1953 





gains to be obtained by increasing pressure beyond 
a certain value. 

In the case of aircraft systems, weight is the major 
consideration although size is almost equally im- 
portant. On the score of weight, high pressures ap- 
pear to be beneficial, although there is probably an 
upper limit beyond which weight would increase again 
with increasing pressure. 

High pressures are generally favorable from the 
point of view of operating loads of valves, provided 
of course that the minimum size of valve is chosen 
according to the pressure. Speed control is easier if 
pressures are comparatively low (especially if the 
power is low), as it is difficult to exert accurate 
control if throttling requires passages of very small 
size. This consideration applies particularly to ap- 
plications in which speed is controlled according to 
selector position, e.g., handling gear and aircraft gun 
turrets. 

In large presses the overriding consideration is 
usually the size of the ram, and hence the highest 
practicable pressures are often used, say, 6000 psi 
or even more. In general, the benefits to be derived 
from high pressures increase with the horsepower. 

On low-power applications in certain machine tools, 
handling equipment, printing presses, etc., there is 
often little to be gained by going beyond 1000 psi, 
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and even much lower pressures are sometimes used. 
For small presses, broaching machines, fork lift 
trucks, and other medium power applications in pres- 
ent-day practice, pressures vary from 1000 to 3000 
psi, usually rising with increasing power. 

An important consideration is the availability and 
cost of suitable equipment, particularly pumps. For 
a given horsepower the price of pumps has some 
tendency to increase with increasing pressure. For 
low or medium pressures it is possible to use simple 
and consequently low-cost rotary gear or vane pumps 
which up to now have been made to work at pressures 
up to 2000 psi or slightly higher. Piston pumps, 
which are the rule at present for pressures above 
2000 or 3000 psi, tend to be rather expensive. Though 
comparatively simple, gear and vane pumps are a 
high-precision product if designed to give a good 
performance at pressures higher than about 500 psi, 
and it is only for pressures below this approximate 
figure that really low-cost pumps .are now available. 


Stress Problems: The safety factor problem as- 
sumes a special aspect in hydraulic equipment, since 
with certain reservations loads are limited to an ac- 
curately known figure by the relief valve or other 
pressure-limiting device. For this reason compara- 
tively low safety factors can generally be used. The 
main reservations are: 


1. With locked columns of fluid, pressures above 
relief valve setting may arise from externai loads 
or, unless safeguarded, from thermal expansion. 

2. Inertia effects may cause high pressures if a cyl- 
inder is stopped at midtravel. 








The second effect is of importance only in com- 
paratively few cases, since in most hydraulic ma- 
chinery either stopping in midtravel is never called 
for, or the masses moved are comparatively small 
in relation to cylinder loads. Where inertia effect 
does arise, the pressures generated can be effectively 
limited by suitable cushioning devices. 

Current British requirements for aircraft hydraulic 
equipment stipulate general factors of 2 and 1.5 
(based on ultimate strength), referring respectively 
to the maximum pump pressure and the maximum 
pressure generated in locked columns by external 
loads or thermal expansion. For pipes and pipe coup- 
lings the factors are raised to 3.0 and 2.225, respec- 
tively. For proof tests both on pipes and other com- 
ponents, the factors are 1.5 and 1.12, respectively. 

For applications other than aircraft there seem 
to be no generally accepted standards. In the author’s 
opinion a general factor of 3, and a factor of 4 on 
pipes, should be adequate, provided due considera- 
tion is given to possibilities of mishandling. Formulas 
for hoop and longitudinal stresses in cylindrical mem- 
bers, and stresses in flat plates subject to pressure, 
are too well known to need repeating here. 


In general, design of hydraulic equipment involves 
few specialized stress problems; perhaps the only one 
worth discussing is the column strength of cylinders. 
A cylinder can be considered as a strut of varying sec- 
tion having the dimensions of the piston rod over 
part of its length and of the cylinder for the re- 
mainder. Various methods of calculation have been 
proposed but the author recommends the following, 
which has the merit of extreme simplicity and has 
been found to work well in practice besides being 
based on theoretical considerations. The method ap- 
plies to a cylinder pinned at both ends: 


1. If the moment of inertia of the piston rod section 
is more than one quarter of that of the cylinder 
section, and/or if the protruding length of the 
rod is substantially more than half the total 
length, no serious error will be involved in treat- 
ing the unit as a strut with a section equal to 
that of the piston rod and with an effective length 
equal to the total length. Any error will of course 
be on the conservative side. 

2. In other cases, it can be shown that the cylinder 
is equivalent, within quite close limits, to a strut 
of section equal to that of the piston rod, but hav- 
ing an effective length of 80 per cent of the 
actual length between pin centers. 


In either case, the usual column formulas are ap- 
plicable. 


General Principles of Component Design: In the 
majority of hydraulic components, except continuous 
pumps and motors, the significant motions involved 
are rectilinear translations and major loads act along 
the central axis of the moving member. Such con- 
ditions are ideal from the point of view of mechan- 
ical design, since parasitic transverse loads are elimi- 
nated together with their attendant friction and wear 
problems. 
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It is sound design practice to aim at obtaining such ~ 


conditions wherever possible, or at least to approxi- 
mate them. Levers, cams, etc., should be avoided as 
long as there is an equally good solution without them. 
More particularly should transverse loads on sealed 
members be eliminated, if possible, either by providing 
guides outside the seal housing or (as in the case of 
cylinders) by mounting between pins. Better still is 
mounting between universal joints in order to avoid 
misalignment effects, even if motion is confined to one 
plane. 

Misalignment and eccentricity errors are frequent 
causes of parasitic loads and other troubles particular- 
ly to be guarded against in sealed members because 
of the comparatively low clearances involved. Where 
a member is guided in two distinct and nominally 
concentric surfaces, it is sometimes possible to avoid 
eccentricity and misalignment effects by separating 
it into two portions, each of which can align itself 
on its own guide. If both portions have seals relying 
on close fits only, any other solution is to be strongly 
discouraged. Otherwise, detail design should be such 
that concentric diameters can be machined at one 
setup. Centering on screw threads is not good prac- 
tice, and can be avoided by providing a plain shoulder 
register for location. The thread should have suffi- 
cient clearance to allow the register to be effective; 
better still, the two components to be connected can 
be held together by a separate screw or nut. 


Provision should be made to avoid the danger of 
cutting soft seals during assembly, which arises when 
the seal must enter into a bore having a sharp entry, 
or when the seal has to pass an opening in the side 
of the bore. In the first case, the bore should have 
a chamfer at its entry. A radius is still better but 
is somewhat more expensive. In the second case, the 
bore should be enlarged at the opening and the recess 
should be designed with chamfers at both ends. It 
may also be possible to radius the entry of the open- 
ing in the bore. 


Pump Installation and Suction Problems: In theory, 
the position of a pump in relation to the tank is of 
no importance as long as (1) the suction line is not 
sufficiently long to cause excessive pressure losses, 
and (2) the height of the pump above the tank is 
not great enough to cause serious loss. Thus, in static 
machinery it is often convenient to mount the pump 
and its driving motor on top of the tank. With the 
pump above tank level, if there is an imperfect joint 
in the suction line, resulting in the admission of 
air, depriming will occur when the pump is not run- 
ning. With careful piping, this danger is seldom 
worth worrying about. 

Again, if the pump is above tank level depriming 
may occur (still under stationary conditions) if there 
is admission of air elsewhere than in the suction line, 
but only if the difference in head between pump and 
tank is sufficient to break the capillary seals within 
the pump. Air may come in (1) through an imperfect 
joint in any part of the system, or (2) through the 
leakage return line (if the pump has one) if the line 
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ends above the oil level in the tank. There is of 
course no reason why the line should not be set lower. 

In a few installations it may be found impractic- 
able to locate the pump near the tank and to provide 
suction lines of sufficient size to compensate for their 
length. In such cases some form of suction boost 
may be provided. One way of doing this is to pressur- 
ize the tank—a solution which has little to commend 
it, although simplifications have been proposed in 
which the boost pressure is automatically created by 
an air injector device operated from the return flow. 
Another solution jis to create the boost by a second 
(low pressure) pump located near the tank. This 
pump may be electrically driven and may be of the 
centrifugal or positive-displacement type. In the latter 
case the delivery must be slightly higher than that 
of the main pump, the excess being blown off through 
a low-pressure relief valve. 

Solutions have also been proposed in which the 
booster pump is driven by a hydraulic motor con- 
nected in series in the main pump delivery line. This 
scheme has the merit of providing automatic control 
for variations (if any) in the speed of the main 
pump, but it is practicable only if the main delivery 
line must pass near the tank in any event. 


In some installations the pump is mounted within 
the tank and submerged in the oil. This is a neat 
and efficient solution, though not ideal from the point 
of view of servicing or seal replacement. 

In most stationary installations pumps are driven 
by electric motors, and the power rating of the latter 
needs consideration. The rated power of electric mo- 
tors is usually much less than their peak power, and 
it may be wasteful to choose a motor of rated power 
equal to the peak power of the pump, if the latter is 
required only for short periods. Ernst? recommends 
basing the rated power of the motor on the root- 
mean-square power absorbed by the system, as calcu- 
lated from the working cycle, with an overriding 
provision that the motor stalling torque must of 
course exceed the peak pump torque. 





Emergency Provisions: Provision for retaining the 
ability to operate certain cylinders (usually in one 
direction only) in the event of failure of certain com- 
ponents or lines is largely confined to aircraft sys- 
tems. These generally include a hand pump to pro- 
vide against failure of the main power-driven pump, 
and usually provide a safeguard against failure of 
certain lines or even valves. 

Failure of lines is usually guarded against by 
having a separate emergency line, normally not under 
pressure, connected only to a hand pump or normally 
blocked off, or both. Connection between emergency 
and main lines may be established in various ways, 
the most usual being through a shuttle valve, one 
type of which is illustrated in Fig. 11. This illustra- 
tion also shows a method for providing against failure, 
or omission to operate the selector, by having fluid 
from the return side of the cylinder released by a 
blocking valve automatically opened with pressure 
from the emergency line. 


















LIVE AND 





DEAD SYSTEMS 


Noncontinuous and Continuous Systems: The name 
“noncontinuous systems” is given to systems which 
fulfill both of the following two conditions: 


1. There is only one motor element (cylinder). 
2. The pump is made to deliver only when the cyl- 
inder is to be operated. 


All other types are termed “continuous systems.” 
Condition 2 is fulfilled if the pump is hand-operated 
or if it is electrically operated but automatically 
switched off when the motion is completed. The 
reason for distinguishing between these two types of 
systems is that noncontinuous systems constitute as 
it were an elementary class wherein circuit problems 
are considerably simplified. 


Noncontinuous Systems: The simplest system of 
this type is the well-known hand pump operated 


lifting jack Fig. 12. These are usually single-acting, 
a spring being provided sometimes to effect return in 
the absence of sufficient external loads. The cock is 
usually (as shown) biased towards the closed posi- 
tion and operation of the pump then causes the jack 
to extend. The jack will close if the cock is opened. 
Conveniently the cock may be actuated by a grip lever 
on the hand pump handle. 

An ingenious variation of this type of system 
shown in Fig. 13, represents a hydraulic circuit for 
seat adjustment based on the use of an accumulator, 
which also serves as tank. The jack is retracted by 
operating the hand pump and a volume of oil equal 
to that displaced by piston rod is displaced into the 
accumulator, storing the corresponding amount of 
energy. 

When the valve cock is opened, the accumulator 
pressure is applied to both sides of the piston, acting 





Fig. 12—Left—Simplest type of noncontinuous 


system constituting a han 





















































pump operated lift 


Fig. 13—Below—Variation of the system of Fig. 
12, this design utilizes an accumulator for auto- 


matic operation 
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effectively on the area of the piston rod, and the 
cylinder extends. 

In one type of hand remote control, a double-acting 
cylinder is moved in one direction or the other ac- 
cording to the sense in which the handwheel is turned 
(in this type of control, exact correspondence between 
handwheel and cylinder action is not expected). The 
handwheel operates a pump of the type which delivers 
in the same direction irrespective to the sense of ro- 
tation; reversal is achieved by a selector operated by 
some form of lost motion arrangement between the 
handwheel and pump, e.g., by a differential gear as 
shown in Fig. 14. 

A circuit for operating pusher gear for loading 
bars into a furnace is shown in Fig. 15. The pump 
is driven by an electric motor, which is switched on 
to extend the cylinder. The pushbutton energizes a 
relay which switches on the motor through contact 
R, and holds on through contact R.. The pump 
flow operates the valve V, connecting it to the cyl- 
inder and at the same time disconnecting the latter 
from tank. Before the cylinder reaches its stops, it 
operates a position switch which opens the holding 
line and releases the relay, thus switching off the 
pump motor. The valve V returns under the action 
of a spring, connecting the cylinder to tank and al- 
lowing it to return under the action of a spring or 
weight. <A relief valve may be added to prevent 


Fig. 14—Differential 
ment for operating see pica a 


controlled e tinder 





























HYDRAULIC CONTROL SYSTEMS 


mishap in case of failure of the limit switch to op- 
erate before the jack reaches its stops. 

In circuits of this type it is of course also possible 
to cut out the motor by means of a pressure switch 
designed to operate when pressure rises due to the 
cylinder reaching its stops. This switch may take 
the form of a pair of contacts actuated by a spring- 
loaded plunger (or a Bourdon tube), the spring set- 
ting determining the operating pressure. A relief 
valve is then still necessary to prevent undue pres- 
sures being set up by motor inertia and other sources 
of delay. This relief valve must, of course, be set to 
a pressure slightly higher than the operating pres- 
sure of the switch. It seems sounder to use the re- 
lief valve as the single governing element and to ac- 
tuate the switch from the outlet flow of the valve, 
as shown in Fig. 16. In this case the plunger is re- 
turned by a light spring. 

In general, limit switches on hydraulic cylinders 
are not satisfactory if the cylinder is expected to 
reach its stops. Pressure or flow switches are to be 
preferred. 

Fig. 17 shows an electrohydraulic system for actu- 
ating a double-acting cylinder. Here the pump is 
of the type which reverses flow when driven in the 
opposite sense. Reversal of cylinder motion is ob- 


tained by reversing the direction of the rotation of 
the motor. 


At the same time the selector is auto- 
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matically operated according to the direction of flow. 


Continuous Systems: Continuous systems are the 
most widespread and also the most generalized form 
of hydraulic circuit. In continuous systems the re- 
quired motion is determined by operation of hydraulic 
control gear, usually selectors, blocking valves (more 
rarely), and sequence valves (in automatic-sequence 
systems). This implies that hydraulic power is con- 
tinuously available or must be made available when 
any motion is selected. In the latter case, means 
must be provided for turning the power on when mo- 
tion is required, and of turning it off when it is com- 
pleted. In the former case there arises the problem 
of disposing of the pump flow when no motion is re- 
quired. In both cases, the problem will be referred to 
as “the idling problem.” 

The control problem and the idling problem may 
be said to be the general circuit problems of all hy- 
draulic systems of the continuous type. 


The Idling Problem: Generally, the idling problem 





















































arises with hydraulic systems of the continuous type 
having power-driven constant-displacement pumps. In 
such a system conditions arise, usually upon a cyl- 
inder completing its travel or a valve being closed, 
where no outlet would be offered to the pump delivery, 
unless a special path is opened to the flow under 
these particular conditions. A pump of this type is 
compelled to deliver at a given rate (apart from 
volumetric efficiency limitations) as long as it is 
driven. If the flow has no outlet, the pressure will 
rise until the efficiency of the pump drops to zero, 
part of the pump or circuit breaks, or the driving 
means stalls. 

The expression, “idling condition’’ will be used to 
describe the condition where no part of the circuit 
is doing any work, including the case where load on 
one or more cylinders must be maintained when nomi- 
nally at a standstill as, say, in plastic molding presses. 

To deal with the idling condition, therefore, either 
the pump must be stopped or an outlet provided for 
the flow. In the case of a variable-delivery pump 
there is a third solution; reducing delivery to zero. 


Power Dissipation and Unloading: Coupled with 
the idling problem is that of power dissipation or 
unloading. While no work is required of the pump, 
it will still consume full power if it has to pump fluid 
at full pressure in the idling condition. This condi- 
tion occurs in the simplest solution to the problem, 
provision for idling by relief valve, Fig. 18. Power 
dissipation may be objectionable on the following 
grounds: 


1. Excessive wear of the pump through constant- 
ly working at full load. This is often of minor 
importance, as many pumps are designed to work 
satisfactorily under these conditions. 

2. Power consumption. This may be a factor of some 
importance in a number of cases. 

3. Overheating of the oil. This is usually the most 
important consideration. 


Relief-valve systems in which power dissipation is 
tolerated are certainly the simplest solution to the 
idling problem and the most satisfactory, provided 
none of the foregoing objections applies. This may 
be the case when the power of the pump is low and 
the heat generated is easily dissipated from the 
tank, without requiring excessive size, merely by rely- 
ing on radiation and convection losses. It may also 
be the case in automatic machinery where the idling 
periods are short, provided there are adequate safe- 
guards against leaving the pump running while the 
machine is not operating. In some automatic ma- 
chines a fairly high degree of power dissipation is 
tolerated and air or water cooling of the oil is used. 

In most systems, however, power dissipation is 
prevented either by stopping rotation of the pump 
or, more frequently, by-passing output to tank 
through a path of low resistance (‘“sShort-circuiting” 
or “unloading’”’). Both these solutions may be termed 
“unloading systems.” 


Live and Nonlive Systems: The term “live” will 
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be applied to systems in which pressure is maintained 
in at least part of the delivery main during idling. 
The simplest live system is one in which idling takes 
place by blowing off through a relief valve, Fig. 18. 
In other types of live systems to be described in 
the following paragraphs, the pump is unloaded while 
pressure is maintained, this result being achieved by 
some automatic regulating system. 

With a very few minor reservations, live systems 
provide a general solution to the idling problem. Any 
number of services may be supplied with such a sys- 
tem and no special consideration need be given to 
the interrelation between the operation of any serv- 
ice and unloading. In other words, one single regu- 
lating device responds only to the pressure in the 
delivery main. In nonlive or dead systems, when a 
selector is operated there would be no pressure avail- 
able unless specific provision is made simultaneously 
to put the system on load again by restarting the 
pump or cutting off the unloading path, as the case 
may be. This provision may take various forms ac- 
cording to the requirements of the machine in ques- 
tion, and it may be said that as far as dead sys- 
tems go there is no perfectly general solution. 

Live systems still have their limitations however. 
In many cases the presence of maintained pressure 
is disliked and for many machines dead systems can 
be devised which are simpler and less delicate than 
live ones. Indeed for self-contained hydraulic ma- 
chines and for motor vehicle hydraulics, nonlive sys- 
tems are the rule rather than the exception. 


Two-Pump Systems (Partial Unloading): In a 
live system only a small output is required to main- 
tain pressure when idling—enough to deal with leak- 
age losses and thermal contraction effects. Hence, 
the function of maintaining pressure can be vested in 
a small pump discharging through its own relief valve 
during idling periods, while the main pump is auto- 
matically unloaded during these periods. The power 
of the small pump is easily kept low enough to pre- 
vent appreciable heating of the oil. 

The basic circuit is shown in Fig. 19. The loaded 
and unloaded parts of the circuit are separated by a 
check valve. When the circuit pressure reaches a 
predetermined value, the unloading valve begins to 
function as a relief valve for the main pump. Due to 
the small pump, however, the circuit pressure rises 
further and a slight increase will cause the unload- 
ing valve to open fully, thereby unloading the main 
pump. The final maintained pressure is determined 
by the setting of the relief valve, which must be 
slightly higher than that of the unloading valve. For 
a really neat installation the small pump should be 
incorporated with the main pump. 

This system is qualitatively similar to the “quick- 
approach” type of two-pump system, but the func- 
tions are quite different, the object being to pre- 
vent power dissipation and not to reduce peak power 
requirements. Quantitatively there is an important 
difference, because in the quick-approach two-pump 
system the setting of the relief valve (or more gen- 
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erally the operating pressure of the smaller pump) 
is much higher than (seldom less than twice) the 
setting of the unloading valve, and the size of the 
smaller pump is governed by different considerations. 


Automatic Cut-Out Systems: Systems of this 
type are fundamentally similar to the two-pump sys- 
tem just described but the function of the small 
pump is performed by a reserve of fluid under pres- 
sure. This reserve must be provided by an accumu- 
lator or its equivalent. With this system, power dis- 
sipation is strictly limited to the requirements of leak- 
age and thermal contraction make-up. 

This type of circuit is in current use in old-fashioned 
water-hydraulic systems, usually so proportioned 
that supply from the accumulator is available at 
all times. Systems of this type frequently use a 
weight-loaded accumulator, and in this case the cut- 
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out device may consist of a stop valve fitted with a 
snap-action mechanism. The cut-out is operated by 
the accumulator weight and opens when the latter 
reaches a position near the top of its travel, closes 
when the weight has traveled down a pre-determined 
amount. The circuit is shown in Fig. 20. The check 
valve isolates the loaded and unloaded parts of the 
circuit. 

In modern systems the cut-out valve is usually 
pressure sensitive instead of mechanically dependent 
on accumulator position. Pressure-sensitive valves 
open at a certain pressure or cut-out setting, and close 
again at a somewhat lower pressure or cut-in setting. 
A basic system of this type is shown in Fig. 21. 
Again the cut-out valve embodies a check valve which 
separates the loaded and unloaded parts of the 
circuit. The valve responds to pressure at connec- 
tion C. When this reaches a certain value p;, a con- 
nection is established between ports P and 7, and 
the pump is unloaded, the action being such that 
when the pressure p, is reached the valve opens fully. 
When the pressure drops to a value pz. less than p, 
by a definite margin, the valve closes again, prefer- 
ably suddenly. 

One possible construction for a cut-out valve spe- 
cifically designed to give instability throughout its 
travel is shown in Fig. 22. The spool S is urged to- 
wards the closed position by a spring and a small 
piston B, which are opposed by the larger piston A. 
When the cut-out pressure is reached, piston A over- 
comes piston B and the spring, and the spool moves 
left. As soon as port 7 begins to open, part 


Fig. 21—Right—Basic accumulator system 


utilizing a pressure-sensitive control 


























of the pump flow goes to tank through the low re- 
sistance R thereby creating a slight pressure at con- 
nection C which acts on the spool (the pressure also 
acts against the piston A, the area of which must 
be less than that of the spool to give a net increase). 
The load to the left on spool thus increases and the 
valve opens further; pressure at port P drops, and 
the load exerted by piston B decreases. The net re- 
sult is that at the cut-out pressure the valve will snap 
open. 

When the valve is open and the pressure in the 
loaded part of the circuit (acting at port D) drops 
to the cut-in value, the valve begins to move to the 
right until port T is partially closed, thus causing a 
rise in pressure at port P which causes piston B to 
exert additional load to the right. Here again an un- 
stable condition is reached (and furthermore is 
reached before substantial resistance is offered to the 
pump flow) and when the valve is fully closed, pres- 
sure at port C drops to zero. The resistance R causes 
a slight pressure to be maintained on the pump dur- 
ing the unloaded condition; slight residual pressures 
are often beneficial, in any event, because high- 
pressure pumps do not work well when the output 
pressure is practically zero. 

In the circuit of Fig. 21 the function of the ac- 
cumulator is twofold: (1) It supplies the small vol- 
ume of fluid required to open the valve; and (2) it 
prevents overfrequent cutting in, the inevitable re- 
sult in a low-capacity circuit in which the slightest 
loss of fluid volume would result in a sharp drop of 
pressure. If the accumulator has no other function 
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to perform, it can be small in volume, in some cases 
small enough to allow the use of spring loading. 
Flexible hoses have surprisingly high elasticity, and a 
few feet of hose may be adequate as an accumulator 
in some cases. 

Large volumes of fluid have appreciable elasticity 
if the working pressure is comparatively high and, if 
the cut-out valve is in permanent communication with 
such a volume, a separate accumulator may be 
avoided. Such a volume of fluid is available if the de- 
livery line is in communication with a large cylinder, 
although it is cut off during crossover of the selector 
from one extreme position to the other and, in such 
cases, it seems desirable to provide a relief valve set 
to a pressure somewhat higher than the cut-out 
pressure. The cylinder capacity cannot be utilized 
if the selector is to be left in neutral. A permanent- 
ly available volume of fluid may be provided by a 
pressure bottle (filled with oil), a very convenient 
form, in many cases, of low capacity accumulator. 

The margin between cut-out and cut-in pressure 
cannot be small in practice; 10 per cent of the cut- 
out pressure would seem a reasonable minimum fig- 
ure. Furthermore, it is usually unsound to allow 
pressure during any operation to exceed the cut-in 
value, as otherwise if the operation is stopped un- 
der peak load it cannot be resumed since the pump 
will not cut in. Hence, the peak rating of the sys- 
tem based on the cut-out pressure—reached only 
after completion of an operation—must be, say, at 
least 15 per cent higher than the actual peak power 
requirement of the machine to be operated. This 


Fig. 23—Below—Automatic system suit- 
able for drive unloading or declutching 
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is a slight drawback of this type of system. It may, 
however, be partly or even wholly offset by pressure 
losses in the pipes and valves if these losses are at 
all large. 


Live Systems with “Drive” Unloading: In the 
case of drive from an engine, unloading may be car- 
ried out by declutching the pump; in the case of 
electric motor drive, by switching off the motor. In 
both, if the system has some capacity (accumulator or 
equivalent) and if unloading is effected by some au- 
tomatic device which cuts out at a certain pressure 
and cuts in at a somewhat lower pressure, a live 
system is obtained. 

Neither of the foregoing systems is well suited to 
applications which call for cutting in and out at fre- 
quent intervals, nor indeed is there much to favor 
them for any application, as most pumps last bet- 
ter when running continuously with long periods un- 
der light load (as they would do with by-pass un- 
loading) than when they are frequently started and 
stopped. The starting is particularly brutal with 
the declutching system. If power is required only 
at infrequent intervals there is usually little to be 
said in favor of a live system in any event. 

An automatic system suitable for either case is 
shown in Fig. 23. The cut-out device is a pilot valve 
of the seating type, spring loaded to the left-hand 
port. The opposite port is somewhat larger, the 
ratio of the two port areas determining the ratio of 
the cut-out to the cut-in pressure (with some cor- 
rection for spring rate). When the cut-out pressure 
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is reached, the valve begins to move and the pres- 
sure temporarily acts on the full piston area causing 
the valve to seat rapidly on its right-hand port, where 
it remains until pressure has dropped to the cut-in 
value. On cutting out, pressure is admitted to the 
cylinder, which may disengage a clutch or break a 
pair of contacts controlling a motor. When the valve 
resets, the cylinder is connected to tank and the 
clutch is engaged or the motor contacts are closed. 
Here again, a check valve isolates the loaded from 
the unloaded parts of the circuit, as otherwise pres- 
sure could leak away through the pump or cause the 
latter to turn backwards. The check valve can be 
dispensed with if the pump has automatic seating 
valves. 

The circuit in Fig. 23 is also applicable to by-pass 
unloading, as the cylinder could equally well be the 
operating piston of an unloading valve. Actually 
the principle of all unloaded live systems is essen- 
tially the same. 


Dead Systems: In nonlive or dead systems, since 
no pressure is maintained, there cannot be a pres- 














sure-sensitive device such as a cut-out valve to put 
the pump back on load when its output is required. 
Hence, in a dead system, the operation of a selector 
or any other device with a similar function (e.g., a 
switch in an electrically controlled system) must be 
coupled with the operation of closing the short-cir- 
cuit path or switching on the motor, where applicable. 

With electric motor drive it is always possible 
to switch off the motor after any operation has been 
performed and this method of unloading is adequate 
for certain applications in which the services of the 
pump are required only at comparatively rare inter- 
vals, e.g., in furnace door lifting gear. 

With short-circuit unloading the most elementary 
system is shown in Fig. 24. After any operation is 
completed, the blocking valve is opened by the oper- 
ator, who must close it again when the next opera- 
tion is to be performed. The danger of the blocking 
valve being left closed is avoided by making its 
opening automatic. One possible way of doing this 
is illustrated in Fig. 25. The blocking valve is hand 
closed against a spring, and kept closed by a latch. 
The latter is withdrawn when pressure is sufficiently 
high to overcome the spring (as shown) or, better, by 
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being operated by flow from the relief valve outlet, 
thus automatically unloading the pump at the comple- 
tion of any operation. Equivalent electric systems 
are easily devised in which the motor is automati- 
cally switched off. 

The system of Fig. 24 is perfectly sound, but in- 
volves the usually undesirable additional maneuver 
(as compared with fully automatic systems) of clos- 
ing the blocking valve at each operation. To avoid 
this problem, it is possible to arrange the circuit so 
as to cause the unloading path to be cut off in the 
following ways: 


1. If the system operates one service, or a number 
of independent services, the circuit can be devised 
to cause the operation of any selector (or equival- 
ent element) to cut off the by-pass path (or re- 
start the driving motor if applicable) and provide 
for automatic reopening on completion of the opera- 
tion. With hand-operated selectors this leads to 
the important class of open-center systems and 
allied types of circuits. All solutions of this type 
may be termed “coupled systems” since the opera- 
tion “selection” is coupled with the operation 
“putting back on load.” 
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2. If the system operates one single machine which 
has to perform certain operations in a definite se- 
quence, the by-pass may be automatically closed 
on operating the valve or switch which initiates 
that sequence, and automatically opened when the 
sequence is completed. Circuits of that type con- 
cerned with the general problem of automatic 
sequence may be termed “sequence unloading.” 


Short-Circuit Unloading: In the case of pumps 
having automatic check valves, it is possible to effect 
unloading by positively lifting the suction valves off 
their seats, thus avoiding a separate unloading valve. 
This is an old-fashioned solution which in practice 
has little to commend it. 

If unloading takes place through a pressure-closed 
unloading valve, the latter cannot be closed unless 
some residual pressure is present in the unloaded 
condition. Although the unloading valve is of some 
fully balanced type, frictional forces are still present, 
and a definite load is required to open it. Even in a 
balanced slide valve, the friction load is roughly pro- 
portional to the pressure at blocked connections, 
which may be (indeed usually is at the instant when 
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the valve has to open) the full system pressure and 
the load required to operate the valve may be quite 
appreciable. In the slide valve of Fig. 26, the spring 
must supply this load, and the residual pressure in 
the unloaded condition (when the valve is open) 
must be sufficient to overcome the spring load. This 
may call for values of perhaps 5 or even 10 per 
cent of the maximum system pressure, which may 
easily mean that in the unloaded condition, power 
dissipation would still be excessive. 

This difficulty may be avoided by using an un- 
loading valve which is opened as well as closed by 
pressure, the pressure for opening acting on a rela- 
tively small area. An example of a slide valve using 
this principle is shown in Fig. 27a. If a weak spring 
is added, Fig. 27b, the valve will cause a slight re- 
sidual pressure to be maintained in the unloaded 
condition when it acts as a low-pressure relief valve. 
The pressures required to close this type of valve can 
be kept to extremely low figures. Fig. 27 shows the 
valves in the closed position, i.e., pressure is assumed 
to be applied at C. 

Another important consideration must be borne in 
mind in connection with pilot control of unloading. 


—_———-» First op. 
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The unloading valve is usually opened by putting the 
“control” connection to tank through a pilot valve. 
The unloading valve is designed to close under low 
pressure and, hence, to enable it to open the “tank” 
connection of the pilot valve must be at atmospheric 
pressure, or very nearly so. This condition is not 
necessarily obtained if the tank line from the pilot 
valve branches into a return line having substantial 
flow through it, because appreciable pressure differ- 
ence would exist between the branch and atmosphere. 

In the circuit of Fig. 28 is shown an unloading 
valve and a relief valve as separate items. In prac- 
tice, a single valve is often made to do the work of 
both—a highly desirable simplification. One valve of 
this type is shown in Fig. 6. When the control con- 
nection is put to tank, the controlling spring ex- 
pands to its free length (or until its load is taken 
by some cage arrangement) and, in effect, the re- 
lief valve is regulated down to zero pressure (a weak 
spring may be provided on top of the upper piston 
to maintain slight residual pressure). When pres- 
sure is applied to the control connection, the upper 
piston (which is larger than the spool) travels down 
to a stop (when pressure becomes high enough—it 
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Fig. 30—Right—Circuit ex- 
ample showing method of 
creating residual pressure to 
close the unloader without 
movement of any machine 
elements 
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circuit arran t util- 
izing a low-pressure 
blow-off valve to pre- 
vent residual pressure 
from reaching the main 
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| Fig. 31—Above—Circuit al- 
_  ternate for that of Fig. 30 
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Fig. 33—Left—Three- 
way valve unloading 
circuit designed to cut 
off the main circuit 





is immaterial whether or not the piston completes full 
travel immediately) and the spring is compressed to 
give the desired blowing off load. 


Operation of Safety Guards or Gates: In many 
presses and other machines a safety gate is provided, 
the arrangement being such that the machine can- 
not function until the gate is closed. The safety 
gate may operate a switch controlling the driving 
motor, the switch being open until the gate is shut. 
In most cases, however, stopping the driving motor 
is undesirable and the usual arrangement is to cause 
the safety gate to operate a pilot valve which con- 
trols an unloading valve, the latter also unloading 
the system under other conditions if required. A sys- 
tem of this type is illustrated in Fig. 29. 

In such cases, the main moving elements of the 
machine must be incapable of being operated in the 
unloaded condition. This object can be achieved in 
the following ways: 


1. By making the residual pressure in the unloaded 
condition so low that it cannot move any of the 
elements of the machine. Often, the initial motion 
of these elements is against frictional forces only 
and fairly low pressures are sufficient to start 
them. Thus, the residual pressure maintained 
by an unloading valve of the type of Fig. 27 can 
easily be excessive. The residual pressure (neces- 
sary to close the unloading valve and sometimes 
also for other purposes) must be generated in 
other ways. One example is shown in the circuit 
of Fig. 30, where a residual pressure is maintained 
by a resistance, but reaches the pilot valves only 


and not the main system. Instead of the resist- 

ance, use could also be made of a lightly loaded 

blow-off valve which would have the advantage of 

giving a pressure independent of flow, if the latter 

can vary. In practice, a check valve could be used 
with springs perhaps slightly more powerful than 
would normally be fitted. A third possibility is 
to use a pressure-sequence valve, Fig. 31, which 
has the advantage that there is no power dissipa- 
tion when the system pressure exceeds the valve 
setting. 

2. By preventing residual pressure from reaching 
the main circuit. This can again be done by inter- 
posing a low-pressure blow-off valve, Fig. 32, or 
@ pressure-sequence valve set to a value slightly 
higher than the residual pressure. Another method 
is to use a three-way valve for unloading in 
such a manner as to cut off the main circuit when 
the by-pass is opened, Fig. 33. 


In the circuits of Figs. 30 and 31, the unloading 
valve could be of the type of Fig. 27a. In the cir- 
cuit of Fig. 33, the unloading valve could be of the 
type of Fig. 27b, the resistance then being omitted. 
Similarly the valve of Fig. 33 could be modified to 
maintain some residual pressure without the use of 
a resistance. The circuits of Figs. 32 and 33 give 
the maximum of safety, since the system is immune 
to pressure set up by the resistance of the unloading 
valve and the pipes in the by-pass path. 

In the case of systems where the unloading valve 
is required for safety purposes only, it is possible 
to use the safety gate to actuate directly a full size 
unloading valve of the mechanically operated type. 


POWER ECONOMY AND 


ENERGY STORAGE 


The Approach Problem: In many hydraulically 
operated machines the working stroke comprises an 
initial portion during which load is extremely small 
or even negative. This condition may arise, for in- 
stance, in presses where the stroke is determined by 
the space required to insert and remove the work (or 
similar considerations), in retractable aircraft under- 
carriages during the extension stroke, in gripping de- 
vices, etc. Indeed, conditions of this type are the rule 
rather than the exception. 


208 








The usual requirement is the completion of the full 
stroke within a given time which can be apportioned 
as convenient between the loaded and unloaded pe- 
riods. If, however, a simple cylinder is to be moved 
by a constant-delivery pump driven at constant speed, 
the speed of the cylinder will be practically independ- 
ent of load and, hence, the times for the loaded and 
unloaded portions of the stroke will be proportional 
to their respective lengths. Under such conditions 
it is easily seen that the peak power required is much 
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larger than that necessary when speed of movement 
varies inversely as the load in such a way as to give 
the same time for the complete stroke. 

Power economy is always desirable, not only as an 
end in itself, but also to reduce the size and therefore 
cost of the pump and control gear, and to minimize 
heat dissipation. In many presses and other machines, 
however, power economy is absolutely essential if the 
machine is to be at all commercially practicable. 
Hence, in many applications means of moving the ma- 
chine at higher speeds under low loads must be sought 
in order to even out the power curve and reduce the 
peak insofar as possible. In this area only automatic 
means of varying speed will be considered. 


Load-Stroke Curves and Power Calculation: Fig. 
34a shows a typical load-stroke curve applicable to 
many kinds of presses and also to power brakes for 
vehicles. Here the approach and loaded portions are 
clearly distinguishable and during the former the load, 
usually entirely or almost entirely due to friction, is 
very low. At b in Fig. 34 is shown a typical load- 
stroke curve for an aircraft landing gear retraction 
cylinder. Here there is no clearly defined approach 
period and most of the quick-approach systems dis- 
cussed herein are not applicable to this type of curve. 
Fig. 34c shows a curve applicable to down-stroking 
presses, in which the weight of the table is higher 
than frictional forces, resulting in a negative load 
during approach. In that for an aircraft wing unfold- 
ing cylinder, Fig. 34d, again there is a negative load at 
the beginning. 

For any of these curves the average power required 
is given by the integral of the load-stroke curve divid- 
ed by the time required for the stroke. If the hy- 
draulic system is so arranged that the power is con- 
stant, this average is also the peak power. If cylinder 
speed is constant, the peak power is the peak load 
times the stroke, divided by the time for total travel. 

Thus, if the time for the total stroke is kept fixed: 
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Average power 





Peak power 


Area under curve 
. (9) 





Area enclosed by maximum co-ordinates 


In the case of curves of type b of Fig. 34. this ratio 
will be called geometric efficiency. 

With load-stroke curves of type a, Fig. 34, the ap- 
proach load is often negligible. It is often most con- 
venient to calculate peak power by trying a given time 
for the loaded portion and then endeavor to find the 
highest practicable approach speed. It is often im- 
practicable to use full power during approach, as the 
resulting speed would be excessive. 

A similar procedure would apply in the case of 
curves of type c of Fig. 34. The procedure may be ap- 
plicable even if the loaded portion of the stroke is 
nominally zero as in many plastic molding presses, 
printing machines, gripping devices, etc. In such cases 
the power required for the loaded portion can still be 
quite high because work is still done in deflecting the 
machine structure and in compressing oil in the pipes 
and cylinders. The power required can be calculated 
if a definite time is allowed for the load to build up 
to maximum. Work done in compressing the oil may 
be quite high with large presses in which the volume 
of oil in the cylinder may be considerable. In high- 
speed machines the volume of oil in the pipes may be 
the most important factor. 


Solutions to the Approach Problem: If the pump is 
driven by a series wound dec electric motor (or any 
other motor of similar characteristics), the latter will 
automatically ensure higher speeds under smaller 
loads. This type of solution is of little interest except 


in a few special cases, particularly since the operating 
speeds of most pumps are limited. 

Another solution, variable-delivery pumps, results 
in economy of power but not in size and cost of pump- 
ing gear. 


Variable-delivery pumps are perhaps the 







































only efficient solution for machines in which the load 
is subject to variation over a wide range. 

Further consideration of this problem involves the 
following basic quick-approach systems: 


. Twin-pump systems. 

Variable-area systems. 

Prefilling systems. 

Accumulator and intensifier systems. 


- oe 


Twin-Pump Systems: Systems of this kind are prob- 
ably the most widely used solution for machines of the 
press type. Among others, they have the advantage 
of generality, i.e., with a twin-pump system quick ap- 
proach may be obtained for any number of operations 
carried out by different cylinders without further com- 
plication. In particular, quick return is automatically 
obtained if the return load is low. 

A basic system is shown in Fig. 35. There is one 
large-delivery low-pressure pump A, and a small-de- 
livery high-pressure pump B. At the end of the ap- 
proach period pressure rises until at a specified pres- 
sure the valve C operates, unloading the pump A while 
the pump B continues to supply power. The valve C 
is set to open at a pressure somewhat higher than the 
maximum value required during the approach period. 
In practice there may be no gain jn setting the oper- 
ating pressure of the valve at a value much lower 
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than 
eh Me 6 os ascdudncewhiecaeks (10) 
dq + G2 
where ~.2 = maximum pressure during the loaded 


portion, psi; gg = output of the small pump, gpm; and 
4; = output of the large pump, gpm. The system of 
Fig. 35 is qualitatively identical with that of Fig. 19, 
but fulfills quite a different purpose and is quantita- 
tively different. 

It is frequently the practice to build twin pump sets 
for this type of system in a single unit, with one driv- 
ing shaft and often with the unloading valve incor- 
porated in the unit. Unloading of the large pump 
may also be controlled directly according to the posi- 
tion of the machine although it is desirable to retain 
an overriding pressure control as a safety measure. 
Position control may be desirable in such operations 
as die closing in molding or die casting machines, the 
object being to prevent the dies being closed at too 
high a speed and creating severe impact loads. It is 
then necessary to unload the large pump before the 
end of the low-load portion of the stroke. A system 
for a machine of this type is shown in Fig. 36. To 
avoid a multiplicity of valves, the unloading valve A 
is made double-acting and will open when pressure 
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Fig. 35—Above—Basic  twin- 
pump quick-approach system © 0 
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reaches the setting value, or when the top control con- 
nection is put to tank, thus releasing the load on the 
control spring. This type of valve should be compared 
with the double-acting relief valve shown in Fig. 6 and 
also used in the present circuit for the smaller pump 
B. Just before the dies are closed, the mechanically 
operated pilot valve C unloads the large pump D and, 
when the dies are fully open the pilot valve # unloads 
both pumps. 

A two-pump system may be considered as an ap- 
proximation to a variable-delivery pump. For load- 
stroke curves of types a and c of Fig. 34, it is prob- 
ably more efficient than a variable-delivery pump 
which tends to have poor efficiency at small outputs. 
Two constant-delivery pumps are often less costly 
than one variable-delivery pump for the same purpose, 


Fig. 37—Variation of the two-pump system 
devised to operate a battery of independent- 
y controlled presses 
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Fig. 38—Right, above—System designed to 
operate on differential piston areas 


Fig. 39—Right—Three-chamber cylinder em- 
ployed for quick-return motion 
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wee 
(leakage) 


even when allowance is made for the additional valve 
required by the former. 

Where a speed ratio of 2:1 between approach and 
loaded portions is acceptable, it is possible to use two 
identical pumps working in parallel for approach and 
in series for the loaded portion of the stroke during 
which they function as a two-stage pump. The main 
point of such a system arises in cases where the re- 
quired pressures are higher than those which can 
be reached with a given type of pump in a single stage. 
In any event multistage pumps present special prob- 
lems and the pumps must be specially designed for the 
application. 

Fig. 37 shows a variation of the two-pump system, 
adapted to operate a battery of independently con- 
trolled presses which remain under load for consider- 
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Fig. 40—Right—Negative- load cylinder ar- 
rangement designed to prefill from x tank ur 
der extension stroke 
Fig. 41—Below—System jot mapas for prefill- 
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able periods. Load during the approach stroke is low 
and the loaded portion of the stroke is of negligible 
length. Thus, with the system adopted, the peak 
power is quite small and unloading in the usual sense 
may be dispensed with. The problem js to maintain 
power on the closed presses while others are being 
operated and to do this with the minimum waste of 
power. The large-output low-pressure pump A is used 
for approach and return motions and eventually blows 
off through the relief valve B. At the end of approach, 
pressure rises to operate the valve C, set to a value 
slightly lower than B. When valve C is operated main- 
taining pressure is admitted from the small pump D, 
which blows off through the relief valve EZ. A check 
valve F ahead of the selector is obviously necessary. 


Variable-Area Systems: In variable-delivery sys- 
tems, including twin pump, the aim is to keep the 
power approximately constant by increasing the out- 
put while pressure is low. Another method of keeping 
the power constant would be to have a constant deliv- 
ery, but to keep the pressure constant by altering the 
effective area of the cylinder. Obviously continuous 
variation of effective area—the strict counterpart of 
a variable-delivery pump—is not feasible, at least as 
far as the author knows, but operation on two dis- 
tinct areas is relatively easy. 

The simplest method of operating on two areas is to 
use a cylinder “differentially” for approach, i.e., to 
supply pressure to both sides, thus effectively working 
on the area of the piston rod. A system on this prin- 
ciple is shown in Fig. 38. With the selector in the 
position shown, pressure is applied to the piston at 
the right of the approach valve (1) which causes the 
latter to move until ports A and B communicate (as 
shown), pressure then being applied to both ends of 
the cylinder. When pressure rises, the sequence valve 
(2) operates and moves to the right admitting pres- 
sure to connection C on valve (1), which then moves 
fully to the left cutting off the connection between 
ports A and B and connecting the latter to tank. The 
cylinder is now of the normal double-acting type, pres- 
sure acting on the full area of the bore. Valve (2) 
stays put until automatically reset when the selector 
is reversed. 

If high speed is required during approach, the piston 
rod must be made small. Consequently, the area for 
the return stroke—the annular area between piston 
rod and bore—will still be quite large and return 
will be comparatively slow. Quick return can be ob- 
tained by using a three-chamber cylinder, Fig. 39, in 
which the end space is permanently connected to pres- 
sure. The cross-section area of the rear rod is made 
slightly smaller than that of the annular space at the 
front. During forward motion the cylinder behaves 
exactly in the same manner as in the previous example. 
During return motion, the effective area is the differ- 
ence between front annular area and area of rear rod 
—area of bore less sum of areas of front and rear rods. 

Instead of pressure control, it is also possible to use 
positional control to determine the changeover point 
between high and low speeds, exactly as in the case of 
two-pump systems. Rather large circulating flows 
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are involved in systems of this type, and the pipes and 
control gear must be of adequate size to cope with 
them. 


Prefill Systems: Systems of the “prefiller” type are 
essentially applicable to cylinders moving under nega- 
tive load, usually due to external force such as grav- 
ity or to approach cylinders of small size. It is as- 
sumed that the negative load is capable of moving the 
cylinder faster than the pump would be able to do. 
Under these conditions cavitation will result and 
there is nothing to be gained if the vacuum thus cre- 
ated must be made up from the pump delivery. The 
vacuum must be made up either from the tank or, 
possibly, from the opposite side of the cylinder if the 
latter is double acting. 

One method of prefilling from the tank is to use a 
check valve as in Fig. 40, the cylinder illustrated 
working under negative load during part at least of 
the extension stroke. The check valve must work at 
subatmospheric pressure and must not exert too much 
restriction on flow; hence, it is likely to be rather 
delicate and other systems are generally preferred. 
Positional control of prefilling either from the tank 
or from the opposite side of the cylinder is quite 
feasible and needs no comment. 

Fig. 41 shows a system for prefilling from the op- 
posite side, for a double-acting cylinder subject to 
negative load during extension. Under the action of 
external load the pressure drop in the resistance A is 
sufficient to operate valve B against its return spring, 
thsu opening a short-circuit path across the cylinder. 
The amount of fluid returned to the opposite side 
under these conditions can be increased by adding 
another resistance C. Both A and C could also be of 
the one-way restrictor (restriction valve) type to 
avoid obstruction during retraction. Complete prefill- 
ing is obviously impossible except under conditions 
where the negative load acts during retraction. When 
the negative load vanishes and the cylinder slows 
down, the pressure loss across A (now governed by 
the output of the pump) is small enough to allow the 
valve to return. In practice, the resistance A would 
be an orifice in the operating piston of the valve. 

Another system for prefilling (at least partially) 
from the opposite side of the cylinder is shown in Fig. 
42, which is self-explanatory. This system works in 
either direction, but is rather inefficient, particularly 
if the selector is far away from the cylinder. 

Fig. 43 shows a system for prefilling from the tank, 
applicable to a press. Quick approach is obtained by 
two small auxiliary cylinders (1) and (2). When the 
latter are extending, pressure at port B of the prefiller 
valve (3) is smaller than at port D due to the drop 
across the resistance (4), and the valve remains in 
the left-hand position with port H being blocked and 
port A connected to tank, thus allowing the main cyl- 
inder (5) to fill from the tank. When load is encoun- 
tered, flow through resistance (4) stops, pressure at B 
rises. Proportions of the valve are such that, under 
these conditions, it will move over to the right to clos- 
ing port A and connect port E to port C, thus putting 
the main cylinder to pressure. The valve remains to 
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the left during the return stroke which is effected by 
the auxiliary cylinders, the main one being single- 
acting. 

Auxiliary approach cylinders are often arranged 
to be inside the main cylinder, as in Fig. 44; in this 
case the annular area of the main cylinder is used 
for return. Constructions of this type are usually 
found on presses. 


Accumulator and Intensifier Systems: Accumulators 
can be used for quick approach under low load, with a 
high degree of power economy. A high-pressure pump 
may be used to store low-pressure potential energy by 
using the special form of accumulator shown in Fig. 
45. In this design the low-pressure chamber is filled 
from the tank during the storing stroke. The latter 
must still take place during an idle period but the time 
required will be much shorter than it would be if the 
same volume had to be stored at full pressure. 

Intensifiers can also be used to advantage as a so- 
lution to the approach problem, at least in cases 
where the work to be done under high load is relatively 
small. The pump must then be designed to suit the 
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Fig. 45—Center—Special form of accumulator using a 


high-pressure pump to store low-pressure energy 
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approach portion of the stroke, being in fact equiva- 
lent to the larger pump of a two-pump system. A 
simple system of this type is shown in Fig. 46; the in- 
tensifier A is automatically reset before or at the end 
of the approach period. When resistance is encoun- 
tered by the cylinder, pressure rises until the sequence 
valve B operates, bringing the intensifier into action. 
The check valve C is obviously essential for the sys- 
tem to function at all. The relief valve D is set at a 
pressure lower than B and prevents the latter from 
operating during the return stroke. 

Intensifiers are of course particularly useful for ma- 
chines designed to work at high pressures, enabling 
these to be reached without using high-pressure 
pumps, which tend to be rather expensive. 

It is also possible to use a high-pressure pump only, 
with an inverted intensifier for approach. An example 
is shown in Fig. 47. The inverted intensifier A has 
a volume on the low-pressure side slightly jn excess of 
the amount required for the approach portion of the 
cylinder travel and is returned by a spring during 
or after the return stroke. It is refilled from the tank 
through a check valve B. When load increases, full 
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pressure reaches the cylinder through the sequence 
valve C. This system would be rather cumbersome 
unless the cylinder volume is quite small. It might 
not be a bad solution, say, for power brakes and a 
few other similar cases. 


Geometric Efficiency and Load Balancing: In a few 
special instances the load on a cylinder may be varied 
within limits. Perhaps the only major jnstance of this 
arises in the case of aircraft undercarriage retraction. 
In Fig. 34b is given a typical load-stroke curve and 
defined geometric efficiency. The work to be done, 
shown by the area of the curve, may be fixed but the 
shape of the curve is a function of the linkage inter- 
posed between the cylinder and the load to be lifted 
or, more broadly, of the geometry of the whole system. 
The usual aim is to reduce the peak power required 
or, for a given power, to increase the speed of opera- 
tion by increasing the geometric efficiency of the 
system, i.e., by reducing the ratio of peak to average 
loads. Undercarriage retraction mechanisms are often 
the subject of several redesigns to improve their char- 
acteristics in this respect. 

In this kind of application it is also often feasible 
to reduce peak loads by partial balancing. For air- 
craft purposes, balancing weights are of course out 
of the question, but air-loaded balancing cylinders or 
other elastic devices may be used. These are arranged 
to reduce the peak load as much as possible, even at 
the cost of increasing the total work done during the 


Energy Storage and Central Systems: In many hy- 
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draulically operated machines or groups of such ma- 
chines, power is required only at intervals for com- 
paratively short spaces of time and with relatively 
long idle periods in between. If the pump is un- 
loaded during idle periods, there is no energy to be 
economized by power storage but a saving can still 
be made in the peak power rating of the driving means, 
and usually also in that of the pump by making use 
of idle periods to accumulate a store of energy. 

Storage of energy in a flywheel in the pump drive is 
feasible as a means of reducing the peak power rating 
of the driving motor (not that of the pump), if peak 
power is required for very short periods only and if 
the pump is unloaded during idling periods. In prac- 
tice, the system is hardly applicable if the pump is to 
operate a number of independent services or if there is 
any danger of the intended full power period being 
exceeded, since this would cause stalling of the driv- 
ing motor. Flywheel storage is, however, quite feas- 
ible in a few special cases. 

The usual method of storing power is in a hydraulic 
accumulator, which is almost jnvariably (but not nec- 
essarily) used in conjunction with an automatic cut- 
out. Accumulators of low capacity may be used to 
maintain pressure during idling periods, but these 
would not be described as “energy storage means” in 
the sense intended here, which requires the accumu- 
lator to be large enough to perform complete opera- 
tions. For this purpose, the accumulator must have 
a fluid capacity equal to the volume of the largest 
cylinder in the system or of several together, if two 





Fig. 47—Inverted in- 
tensifier for fast ap- 
proach with one pump 
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or more are to be operated simultaneously or in close 
succession. The size of the pump is then determined 
by the time available for recharging, i.e., the minimum 
idling period or, in the case of a number of independ- 
ent services, by the average consumption with a suit- 
able margin to ensure that the accumulator will never 
empty under normal conditions. 

Accumulators are sometimes used in this manner to 
obtain rapid operation without using an excessively 


large pump, as in die casting machines. They are also 
not uncommon in aircraft hydraulic systems. 

Another example is found in press shops where hy- 
draulic mains are often used to operate a large num- 
ber of presses, working independently of each other. 
In such instances “live” mains and an ample store of 
energy are essential. This type of system is tending 
to disappear, however, in favor of presses with indi- 
vidual pumps. 


CONTROL OF LOAD 
SPEED AND POSITION 


Fundamentals of Control: The basic hydraulic con- 
trol operation is that involved in starting or stopping 
a motor element and determining its direction of mo- 
tion. In the case of a continuous hydraulic motor, if 
motion is always in the same sense the only operations 
involved are starting and stopping and these can be 
carried out by a stop valve, Fig. 48a. When the valve 
is closed the motor is hydraulically locked against 


backward rotation. If the motor is to be freed, a 
three-way selector may be used, as at b, having three 
positions corresponding to “start”, “stop’’, and “free”’. 
For a reversing motor a four-way selector should be 
used, Fig. 48c, and according to the type of neutral 
provided, the motor will be free or locked in the cen- 
tral position of the selector lever. 

A single-acting cylinder is usually controlled by a 
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three-way selector, Fig. 49. If the latter has three 
positions, the cylinder will stop in “neutral” unless it 
is subject to negative (tension) load. Single-acting 
cylinders are often gravity returned, as in hydraulic 
lifting gear and upstroke presses, although in the lat- 
ter case the available return pressure (that corre- 
sponding to the weight of the platen) may be rather 
low. Spring return is also feasible in many cases if 
the work to be done (usually against mechanical and 
hydraulic friction, sometimes also against external 
loads) is not too large. Size of steel springs might be 
rather cumbersome if the work they must do is at all 
appreciable. Also, other forms of spring are used 
sometimes—rubber cords to effect extension of re- 
tractable aircraft undercarriages. 

The lightest and most compact spring medium is 
undoubtedly compressed air or other gas, and this 
is also used to effect return of single-acting cylinders. 
Probably the simplest arrangement is that in which 
one side of the cylinder (which is of double-acting con- 
struction) is connected to an air accumulator, a vol- 
ume of oil being interposed between the air and the 
cylinder to lubricate the seals and prevent air leakage 
into the opposite side, Fig. 50. In this kind of appli- 
cation a separator piston or diaphragm in the accumu- 
lator is unnecessary, as the air is always in contact 
with the same volume of oil, and does not tend to be 
dissolved away. 

Return may also be effected by a single-acting cyl- 
inder of smaller area permanently connected to pres- 
sure. A more frequent method of achieving the same 
result is shown in Fig. 51, this system being generally 
referred to as “differential”; when the cylinder ex- 
tends, pressure effectively acts on the area of the 
piston rod. 

Fully double-acting cylinders are generally con- 
trolled by four-way selectors, Fig. 52. With a 
“blocked” type neutral as shown, the cylinder is hy- 
draulically locked in the neutral position. If in the 
neutral position of the selector one or both lines are 
to tank, the cylinder is free to move in one or both 
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directions under the action of external load. A neu- 
tral position with one or both lines to tank is some- 
times used, not with the object of leaving the cylinder 
free to move but to prevent pressure build-up due to 
thermal expansion or leakage in locked lines and 
sometimes also, as in the case of open-center systems, 
because it may simplify selector design. The fully 
free neutral—both lines to tank—is also occasionally 
used to leave the cylinder free to float in some special 
applications such as earth scrapers. In such cases 
it may be necessary to provide both “locked” and 
“free” neutrals, involving a four-position selector, in 
the circuit. 


Resistance Control: Fig. 53a shows a single-acting 
cylinder permanently connected to tank through a re- 
sistance and controlled by a two-way valve. When 
the latter is closed the cylinder is free to return (un- 
der external load) at a limited speed. When the valve 
is open the resistance maintains sufficient pressure to 
operate the cylinder, although some of the pump out- 
put is of course wasted. Shown at b is a system on 
the same principle, but here the resistance connects 
the cylinder to pressure and the blocking valve con- 
nects it to tank, extension being effected when the 
valve is closed. 

Resistance control is quite generally applicable in 
theory and calls for one less connection on the control 
valve than would otherwise be necessary. This factor 
is more important with seating than with port valves, 
since the complexity of the former increases rapidly 
with the number of connections. 

Resistance control may be used on a double-acting 
cylinder, Fig. 54a, which extends when the blocking 
valve is closed and retracts when it is open (the valve 
could of course be interchanged with any of the three 
resistances). When the valve is partially open, the cir- 
cuit is that of a Wheatstone bridge and balance is 
achieved at only one particular degree of opening. 
Very sensitive contrcl can be obtained by this means 
if the cylinder and load have low friction. This type 
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of control is sometimes used in presizing or copying 
attachments for machine tools, in conjunction with a 
follow-up servomechanism®: ®: *, 

In theory at least, still greater sensitivity can be 
obtained by the use of the type of selector shown in 
Fig. 54b (or its seating valve equivalent). In the neu- 
tral position there are very small passages from each 
cylinder line to the pressure and tank connections. 
The circuit is still that of a Wheatstone bridge but ali 
four resistances are varied at once. In practice, at 
least for port type selectors, there is some difficulty 
in making the passages small enough in the neutral 
position and fine tolerances may be involved. With 
a seating valve selector, the four openings may be ad- 
justed individually, but operating loads may be too 
high for some applications. For these reasons, a two- 
way throttle valve, as in Fig. 54a, may often be the 
most conveniert solution if extreme sensitivity is the 
aim and if the power involved is low. 

Resistance control is, of course, wasteful of power 
and for this reason is most commonly used for control- 
ling large valves by means of smaller pilot valves. 
Where there are multiple control elements, the circuit 
may differ appreciably if control is of the ordinary or 
of the resistance type. For instance, in the fairly 
common occurrence on presses, where an unloading 
valve is to be controlled by a number of pilot valves, 
when any one is operated the main valve closes, closure 
being effected by putting the control connection of the 
main valve to pressure. With ordinary control, the 
pilot valves must be in series as jn Fig. 55a but with 


resistance control they must be in parallel as at b. 

The use of resistance control, or more generally of 
“hydraulic potentiometer” arrangements, is of wide 
applicability. Fig. 56a shows a method of obtaining 
a small flow at a reduced pressure p,, the system pres- 
sure being p,. The resistances R, and R. may both be 
fixed if p,/p, is fixed or one or both resistances may 











be variable. In the latter case p, may be applied to a 
spring-loaded member, usually the operating piston of 
a valve, to cause the latter to move by an amount 
roughly proportional to the ratio R./(R, x Rz.) if p, 
is fixed, Fig. 56b. 


Simultaneous Operations: In the most general type 
of hydraulic system there are usually a number of 
cylinders, or other motor elements, with independent 
or interdependent control elements. Consider for in- 
stance the circuit shown in Fig. 57 having two cylin- 
ders, A and B, controlled by two independent selectors, 
aand b. Cylinder A is shown in the diagram as being 
in motion, selector b being in neutral, and/or cylinder 
B being on its stops (fully extended or retracted). 

Assuming that the source of power is a displace- 
ment pump—a source of fluid volume and not of pres- 
sure—let selector b be operated to move cylinder B. 
If the pressure required to operate B is greater than 
that required to operate A, the former will remain 
stationary while the latter completes its travel; B will 
then move. If the pressure required to operate B is 
smaller, in the circuit shown A will actually move 
backwards (unless the load on it is pure friction or 
some equivalent) while B moves forward. This may 
be prevented by fitting check valves at the pressure 
connection of the selectors, as shown in Fig. 58. With 
the latter circuit, assuming again that the load on B 
is relatively smaller, A would stop when selector bD is 
operated, and B would have to complete its stroke be- 
fore cylinder A moves again. 

The general principle may be expressed thus: In a 
system where two or more paths are open to the out- 
put of a displacement pump, the pressure in the deliv- 
ery line will drop to the value corresponding to the 
path of least resistance. In the example, the effect 
of resistance of the pipes and valves has been neglect- 
ed because it is usually too low (unless deliberateiy 
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Fig. sd oa Connection 
of cylinder permanent- 
ly to tank through a 
resistance, as at 4, con- 
trols free return and, 
at 6, resistance con- 
nects the cylinder to 
pressure 
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increased) to have any appreciable effect. 

The problem is exactly the same if there are a num- 
ber of cylinders in parallel controlled by a single se- 
lector. However, the situation is somewhat different 
if the source of power is an accumulator or a centrifu- 
gal pump, when conditions approximate more closely 
those obtaining in an electric circuit where (pressure 
being the primary datum) flow to various branches is 
shared in inverse proportion to their resistances. This 
is also the case if pressure is limited by a relief valve 
(as it nearly always is) and the resistance of all the 
paths open to the pump output is too large to take 
the full delivery, part of which blows off through the 





relief valve. Solutions will be detailed later. 


Hydraulic Locking: If the selector has the right 
type of neutral, a cylinder may be locked in any po- 
sition by moving the control lever to the neutral posi- 
tion (usually at the center of its travel). In many 
selectors the lever is spring centered and returns to 
neutral when released. However, where the cylinder 
need never be stopped in midtravel, the necessity of 
holding the selector during the motion or of returning 
it to neutral, if it is not spring centered, is often un- 
desirable and selectors may be of the “stay put” type. 
In the end position the cylinder js still held on its 
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stops by hydraulic pressure, if available, but the fol- 
lowing cases must be considered: 


1. When stationary, the cylinder may be called upon 
to resist higher loads than those against which it 
has to move. Such loads could move the cylinder by 
blowing off oil through the relief valve in the 
system. 

2. Pressure may temporarily drop due to operation 
of another cylinder. 

3. Pressure may drop when the pump is unloaded, if 
the circuit is of the dead type. 


If any of these possibilities may occur, the cylinder 


can still be locked in its end position, without neu- 


Fig. 58—To prevent reverse movement of 
one cylinder in the circuit of Fig. 57, a check 
circuit at i connections of the 
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tralizing the selector, by means of a check valve at 
the pressure inlet to the latter, as shown in Fig. 58. 
Note also that “differential” cylinders may be locked 
at both ends in the same manner, Fig. 59. With the 
selector and cylinder in the position shown, the oil is 


trapped by the selector and the check valve. In the 
opposite position, locking is effected by the check valve 
only, since the cylinder could not move without re- 
turning fluid to the pressure main. 

The effectiveness of the types of locking discussed 
so far depends on the freedom from leakage of the 
selector. In many applications a limited degree of 
“creep” of the cylinder is permissible and in such 


Fig. 59 — Method of locking differential 
‘3 cylinders at both ends 
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cases a port type selector, although it usually allows 
some leakage, is often effective enough. Where the 
leakage through the selector is excessive and in certain 
cases in aircraft where it may be desirable to guard 
against breakage of pipes, use may be made of hy- 
draulic locking valves which are almost invariably 
of the seating type and, therefore, allow little leakage, 


draulic locking valve. The valve on the return side is 
opened by pressure in the opposite line, while the 
other valve is lifted by the flow. Hydraulic locking 
valves may also be used in circuits having accumulator 
return, as in Fig. 60b, in which locking in the “return” 
position cannot be effected by the selector. 

The hydraulic locking valves illustrated do not 


if any. 


Fig. 60a shows a circuit having a double hy- 




















Fig. 61—Left—Pilot-oper- 
ated two-way valve, a, of 
identical basic design as the 
locking valves of Fig. 60 
and the preferred design, 
5, to obviate pressure upset 


represent a new type of valve, but are identical with 


Fig. 62 — Below — Relief 

ve application to avoid 
thermal pressure overload 
of the circuit of Fig. 60a is 
shown at a and one for a 
selector-locked circuit at 5 






































Fig. 63 — Below — 
Circuit for a machine 
with reducing valve 
adjustment for pres- 
sure regulation to each 
cylinder 
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the pilot-operated two-way valve of Fig. 61a. The 
valve of Fig. 61b is often used in preference, as it is 
not likely to be upset by pressure in the return line. 

In common with other locking systems such as ir- 
reversible worm drives, a hydraulic locking arrange- 
ment such as that of Fig. 60a tends to exhibit dither 
when the cylinder is moved against negative loads. 
The analogy with mechanical devices, some of which 
have succeeded in overcoming this phenomenon, sug- 
gests that the trouble is not fundamental but could 
perhaps be cured by a sufficiently gradual opening of 
the valve and/or some degree of damping. 

Hydraulic locking operates by blocking a certain 
volume of fluid, which thus becomes isolated. If tem- 
perature rises, this body of fluid may be subject to 
severe pressure rise due to thermal expansion. Ex- 
pansion of the pipes, cylinders, etc., does little to com- 
pensate. If locking is effected by port type valves, the 
latter usually allow sufficient leakage to prevent ap- 
preciable pressure being generated. If seating valves 
are used, however, thermal effects may be dangerous 
unless provision is made for relief. Such provision is 
usually in the form of relief valves, which need only 
be of small size. Fig. 62a illustrates the application 


Fig. 64—Below—Example 
a circuit designed to com- 


pensate for decompression 
effects 
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(inlet) (outlet) 


of a relief valve to the circuit of Fig. 60a. Fig. 62b 
illustrates the application to a circuit where locking 
is effected at the selector. A neat construction results 
if the thermal relief is built in the locking valve or 
selector. 


Control of Load: In almost any power-driven hy- 
draulic system, there is a problem of pressure limita- 
tion in the sense of preventing excessive pressure rises 
when the resistance encountered by a cylinder or other 
motor element becomes indefinitely large. Relief or 
cut-out valves and various other devices are used as 
the pressure-limiting means. In handling machinery, 
lifting gear, most machine tools, punching and blank- 
ing presses, and various other applications the ex- 
ternal load is the datum and the relief valve or cut-out 
must be set to a pressure somewhat higher than that 
required to overcome the load. Full pressure is ex- 
erted only when the cylinder, or the mechanism actu- 
ated by it, reaches its stops. 

In many machines of the press or vise types, in 
brakes and in general wherever the work forms the 
stop, the converse is true. The load exerted on the 
work is determined only by the setting of the pressure 


Fig. 65 — Left — Reducing 
e for an accumulator 


type of hydraulic brake sys- 
tem 
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regulating device, which is often made adjustable. 

Thus in the simplest case of machines of the second 
type, load can be regulated by adjusting a relief valve. 
If the immediate source of power is an accumulator 
loaded to a given pressure, regulation by relief valve 
is no longer feasible and it is necessary to use a re- 
ducing valve. More generally, reducing valves must 
be used when it is required to regulate pressure in 
one or more cylinders to some value lower than that 
which may obtain in other parts of the system. Fig. 
63 shows a circuit for a machine in which pressure 
on the two cylinders must be adjustable independently, 
and either setting may be the lower of the two. If 
the pressure on one of the cylinders were to be al- 
ways higher than on the other, the corresponding 
reducing valve could be omitted and the main system 
relief valve made adjustable. 

The converse problem arises when it is required to 
maintain a pressure not less than a specified minimum 
value in part of the circuit despite the existence of 
lower pressures elsewhere. This problem also arises 
in connection with pilot control systems and a solu- 
tion can be found in the use of pressure-sequence 
valves. Solutions for other cases follow the same lines. 

In large presses, release of load may be something 
of a problem since the elastic energy stored in the oil 
and possibly in the machine frame may be consider- 
able; its sudden release may cause shocks and other 
undesirable effects. Various “decompression” systems 
have been proposed to deal with this problem, and one 
example is. shown in Fig. 64. Selector S is spring 
centered and controlled by the pilot valve A and the 
system is shown in the position reache.! just after 
reversal of the pilot valve. As long as there is pres- 
sure at the bottom of the cylinder, the sequence valve 
B remains operated and both sides of the selector are 
to tank; the selector goes to neutral and remains there 
until pressure has leaked out of the cylinder through 
the resistance R; valve B then resets, and the selector 
moves fully to the right. 

A simple case of machinery based on load regulation 














is that of power brakes. In the case of hydraulic op- 
eration, a continuously circulating hydraulic pump 
could be used in conjunction with control by adjust- 
able relief valve, if reliance on the pump were accept- 
able. Usually an accumulator is employed and actua- 
tion of the control lever or pedal has the effect of 
varying the load of a regulating spring in a reducing 
valve which must be of the type of Fig. 65 (its seating 
valve equivalent or any other equivalent type) to al- 
low the brakes to release. In some systems, the 
brakes are held off by pressure and applied by springs 
with the object of giving automatic braking if pres- 
sure fails; brakes would then be applied by decreasing 
pressure, but otherwise the circuit principle remains 
the same. 

Servo controls of the follow-up type, usually vacu- 
um operated, are also in extensive use for vehicle 
brakes in spite of their relative complication as they 
allow a direct mechanical connection to be retained in 
the event of power failure. 


Speed Regulation with Fixed-Delivery Pumps: The 
vast majority of hydraulic installations are based on 
fixed-delivery pumps working at constant or nearly 
constant speed and therefore giving a constant flow. 
If it is desired to reduce the speed of a cylinder or 
motor from the value corresponding to the full pump 
output, this can be done at the cost of wasting some 
power by by-passinzg part of that output back to tank, 
or into the accumulator if one is present. For the 
sake of simplifying descriptions, it will be assumed 
that there is no accumulator in the system and that 
pressure limitation is effected by a relief valve. 

There are two basic methods of achieving the de- 
sired object. The first method is to throttle the flow 
to a degree sufficient to reach the maximum pressure, 
when part of the pump output will blow off through 
the relief valve, Fig. 66a; the second is to open a by- 
pass path through a resistance Fig. 66b. The first 
method requires the pump to work at maximum pres- 
sure, and is therefore wasteful of power if the cylin- 
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der load is comparatively low. The second method of 
course also wastes power, but to a much lesser extent 
if pressure is far below the maximum. 

With by-pass metering, the efficiency of the system 
is the ratio of actual to maximum speed. With throt- 
tle metering in the absence of an accumlator, i.e., when 
the excess flow is blown off through a relief valve, the 
efficiency is the ratio of actual to maximum power. 
With throttle metering, when the excess flow passes 
into an accumulator, the efficiency is the ratio of 
actual to maximum pressure, if the energy stored in 
the accumulator is counted on the credit side. 

In either case, the setting of the resistance for a 
given flow will depend on the cylinder load. For many 
purposes it is preferable to have a device which can 
be set to give a predetermined speed irrespective of 
cylinder load—a metering valve. The general prin- 
ciple of most metering valves is the same; the flow to 
be metered passes through a resistance and the result- 
ing pressure differential is made to act on a spring- 
loaded piston, which in the simplest case (as illus- 
trated in the diagrams to follow) is the spool oi a 
slide valve that causes the valve to open or shut to the 
exact extent required to balance the spring load. 

A by-pass type of metering valve is shown in Fig. 
67a. The type shown in Fig. 67b may be used as a 
throttle valve by placing it in the pump delivery line 
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or any other required place in the line of flow. It may 
also be used as a by-pass type by connecting it in a 
branch leading to tank. Both types may be adjusted, 
if adjustment is called for, either by regulating the 
resistance (probably the commonest and best method) 
or the spring load. In the latter case, or if no adjust- 
ment is required, the resistance may take the form of 
an orifice in the piston. Both types illustrated are ef- 
fective in one direction only. The type of Fig. 67b is 
hardly suitable for use as a by-pass valve if the speed 
required is low in comparison with the maximum speed 
obtainable, since small variations in pump output will 
have a large effect under such conditions. Otherwise, 
it has the advantage (again when used as a by-pass 
valve) of leaving the main flow path absolutely unre- 
stricted. 

Metering valves of either type may be connected in 
the pump delivery main, just ahead of individual se- 
lectors, or in one or both lines between selector and 
cylinder, giving independent adjustment of speed in 
the two directions of motion. The type of Fig. 67b 
may also be used to throttle outlet flow from a selector 
or cylinder, in which case speed control is still re- 
tained even if the cylinder moves under negative load. 
The latter system is particularly useful for controlling 
the return speed of a single-acting cylinder. 

A typical application of metering valves in machine 
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tools is to control the speed of slides. Frequently, as 
in production milling, there may be an “approach” 
portion of the slide travel, in which maximum speed 
is required, followed by a slow-speed working portion, 
followed in turn by a high-speed portion. For cases 
such as this, automatic control may be obtained by 
cam-operated valves arranged to alter the controlling 
resistance of the metering valve. Thus, in the case 
of the valves of Fig. 67a and b, if placed in the deliv- 
ery line the valve is made ineffective by shunting the 
resistance. Again, if used in a bleed branch to tank, 
the vaives can be made ineffective by closing the bleed 
branch. More generally, a cam-operated valve can be 
used to give any number of different values to the con- 
trolling resistance and thus give any number of speeds, 
or continuous speed variation. Different speeds in the 
two directions of motion are quite easily obtained by 
placing metering valves between the selector and 
cylinder. 

Similar methods of controlling the speed over the 
stroke are applicable to two-pump systems by caus- 
ing a cam-operated pilot valve to unload the larger 
pump when low speed is required. An example of this 
has been shown in Fig. 36. Again, the same principle 
is applicable with a variable-delivery pump if the 
output of the latter is governed by a resistance. 

Speed control methods for machine tools have 
been developed to a high degree of refinement, par- 
ticularly by the Cincinnati Milling Machine Co.® One 
possible variation of the by-pass type of metering 
valve is shown in Fig. 68a. Here the controlling re- 
sistance is in the return line, which helps in holding 
negative loads provided the latter are not too large. 
For high negative loads, a throttle type metering valve 
in the outlet line is used instead. With the latter ar- 
rangement, an improved type of circuit is shown in 
Fig. 68b. This circuit involves a special type of relief 
valve V, which is loaded by pressure in the return 











To work 


line as well as by pump pressure, the two acting pre- 
ferably on equal areas. Thus, if the negative load 
corresponds to half the peak system pressure, the 
pump will relieve at half pressure, whereas with th: 
simpler system the pump would have to be throttled 
down to full pressure. The result is that elastic de- 
flection of the oil column on the pump side is halved, 
giving more accurate control of the slide, while power 
dissipation is also halved. 

A different type of “by-pass” metering valve is 
shown jn Fig. 69a. Here no springs are used and 
the valve works by bleeding off a fixed proportion of 
the pump output. Balance is reached when pressures 
on both sides are equal, i.e., when the pressure drop 
in R, is equal to that in Rg, or when q;/q2 = R2/R; 
(for the sake of simplicity, resistances are regarded 
as linear but in practice of course they will probably 
follow a square law). Thus 


q1 Re 


do ~ Q1 R, 


a fraction R,/R, + R. of the pump output is bled off 
to tank. It is pointed out® that it is desirable to ad- 
just both resistances, decreasing R, and increasing 
R, to increase the flow to the system, thus avoiding 
excessive losses. 

Fig. 69b shows another variation of the flow divider 
type of metering valve in which, as in Fig. 69a, one 
of the controlling resistances is in the return line. 
Fig. 70 shows another arrangement where the valve 
works by throttling the return flow and which is 
therefore only suitable for operation with negative 
loads. The circuits of Fig. 69 can only operate under 
positive loads. Circuits have been devised which com- 
bine both actions and thus give control under all 
conditions, 

A somewhat different speed control problem arises 
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Fig. 70—Right—Flow di- 
ay metering circuit for 
negative loads 























Fig. 71—Gradual type servo control valves 
can be designed for effective operation by 


r utilizing ta spools, a, or by using 
: Dow ose for low speeds, 5 a 
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Fig. 73 — Circuit with 

two cylinders designed to 

operate together or inde- 
pendently 
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in applications such as handling machinery, gun tur- 
rets, and even certain presses (particularly when 
setting up) where it may be desirable to control speed 
according to the position of the selector lever to use 
the selector in a progressive manner, the speed in- 
creasing gradually as the control lever is moved fur- 
ther from the central position. Similar conditions 
arise in follow-up servo systems. Most selectors do 
not lend themselves well to this type of control unless 
specifically designed for it, as the opening of the 
passages is too rapid and effective control can only 
be achieved within a small range of motion near the 
central position, making the system far too sensitive. 
Gradual control can be achieved by using tapered 
spools, as shown in Fig. 71a, for slide valves. Similar 
principles apply to rotary and seating valves. Taper- 
ing may also be applied to the outlet side and to the 
ports as well as to the spool. If very low speeds are 
required, even tapered spools may be unsatisfactory, 
and a series of tapering grooves (as shown in Fig. 71b) 
is more effective. 

In cases where only certain definite speeds are 
required (in practice two speeds only), one may also 
resort to methods similar to two-pump and variable- 


area systems, the latter being by far the simpler. 
Since the object now is to control speed for purposes 
other than power economy, such controlling methods 
are not suitable, with the exception of positional de- 
vices in the case of machine tool slides and similar 
applications. For manual control, it is possible to use 
multiposition selectors such as that of Fig. 72. In 
the left-hand position this gives high speed by caus- 
ing the cylinder to operate “differentially”, i.e., on 
the piston rod area. In the central position the cyl- 
inder advances on the full area and, therefore, slow 
speed is obtained. In the right-hand position the cyl- 
inder retracts. It is quite easy to devise similar selec- 
tors having four positions, one of which is neutral. 


Synchronism: In certain applications it may be 
required that two or more cylinders without me- 
at speeds bearing a given ratio to each other. An 
chanical interconnection move at the same speed, or 
example is found in certain aircraft landing flap 
systems. Without special provision, the cylinder 
having the smallest load would tend to move first, 
if two or more are connected in parallel. For the 
sake of simplicity this discussion will be confined 


Fig. 75—Three methods of dividing flow to cylinders in 








parallel: by valve, 4, gear motors 5, or coupled selectors ¢ 
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to the case of two cylinders, but the principles are 
applicable to any number. 

A somewhat milder form of the problem js en- 
countered in such applications as fork lift trucks, 
where hoist and tilt cylinders are expected to move 
simultaneously but exact synchronism is not demand- 
ed. In such cases, if a moderate amount of power 
wastage can be tolerated, a simple solution is obtained 
by inserting resistances in the lines to both cylinders, 
as shown in Fig. 73. The resistances are shown as 
being of the one-way type (restriction valves) to give 
independent adjustment in the two directions of mo- 
tion, and as acting on outlet flow to give some meas- 
ure of control under negative load. If q is the pump 
output; q, and qs the flows to the two branches; R, 
and R, the respective effective resistances (corrected 
to allow for differences between outlet and inlet flow) ; 
Pp, and p». the pressures required to move the two 
cylinders, assuming resistance to follow a square law; 
the relative cylinder speeds can be calculated from: 


a+ 42=—q 
Pi + Ri qi? = po + Re Qo" 


This system applies to two or more cylinders which 
must be able to operate either together or inde- 
pendently. Accurate synchronism is usually required 
only in cases where the cylinders always operate to- 
gether and two or more can then be connected in 
series. This, however, would allow synchronism to 
be upset by leakage or thermal expansion, for which 














there must be automatic compensations. Valves which 
open at the end of the stroke to short-circuit each 
cylinder can be used for compensation as shown in 
Fig. 74. The valves must allow free return and are 
usually mounted inside the pistons. 

Because the foregoing system entails a number of 
difficulties it is seldom used. But, if two cylinders 
are in parallel, some means must be used to divide the 
flow between them equally or in a given ratio. Fig. 
75a shows one form of valve for this purpose similar 
in principle to the metering valves described previ- 
ously. The valve takes up a position depending on 
the ratio of flows through the two branches A and 
B. If flow in branch A rises at the expense of that 
in branch B, the pressure drop across the resistance 
C increases and that across D decreases, causing the 
valve to move to the left thereby throttling the flow 
to branch A, etc. For effective action, it would seem 
that proportions should be such that appreciable re- 
sistance to flow is offered even in the central position 
of the valve. In practice, the resistances C and D 
may consist of orifices within the valve spool through 
which flow takes place. 

Another form of flow divider consists of two hy- 
draulic motors, each connected in series in one of the 
two branches but mechanically coupled together and 
therefore constrained to rotate at the same speed. 
With gear motors a simplified form of this principle 
is possible, as illustrated in Fig. 75b, three gears 
being used. 
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As shown, the hydraulic motor type of flow divider 
connected between the selector and the cylinders will 
still act, when the latter are reversed, by controlling 
the outlet flow. The metering type of flow divider of 
Fig. 75a acts in one sense only and, if required to be 
effective in both directions, may be used in conjunc- 
tion with two mechanically coupled selectors, as 
shown in Fig. 75c. It is also possible to devise meter- 
ing type flow dividers which are effective in both 
directions. 

When flow dividers are used, provision should be 
made to allow both cylinders to reach the end of 
their travel by allowing a small permanent leakage 
path to both branches. 


Multi-Position Systems: A typical case where a 
cylinder is required to occupy a number of different 
positions (greater than two) arises jn aircraft land- 
ing flap systems, where three positions—‘retracted”, 
“take-off”, and “landing’”—are usually required. An- 
other case arises with some automatic presses required 
to open wide when the work is being loaded or un- 


loaded, but to operate over a small stroke while work- 
ing in order to achieve the highest possible speed. 

If the selector has a blocked neutral, an ordinary 
cylinder can always, in principle, be stopped in any 
intermediate position. Concern here is with systems 
in which one or more intermediate positions are pre- 
selected according to the position of the control lever 
or pushbuttons. 

In such systems it is still possible to use an ordi- 
nary cylinder with positional sequence valves suitably 
interconnected with the selector in such a manner 
that the latter is automatically brought to neutral 
when required. This type of system can also be used 
(perhaps rather more conveniently) with electrical 
control. Suitable circuits for either case are easily 
devised. 

In many cases the simplest solution is to use a 
multiposition cylinder with control gear to suit. For 
three positions and very low load, it is sufficient to 
use a spring-centered cylinder with a selector of the 
type which puts both lines to tank in neutral. With 
reasonably high loads, centering springs are out of 


Fig. 77—Power economizing circuit for 
pi te or other speed-control system 
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the question and other cylinder designs must be used. 
For more than three positions (or perhaps more than 
four) the cylinder and control gear are apt to become 
rather complicated and it may be preferable to use 
a follow-up servo system, even though infinite control 
of movement may not be required. 

Probably the simplest type of three-position cyl- 
inder is that shown in Fig. 76. For the sake of 
simplifying the selector, this cylinder is often used 
differentially, connection A being permanently to pres- 
sure. With B to pressure (irrespective of the polarity 
of C) the cylinder is fully extended. With C to pres- 
sure and B to tank, the upper piston moves to the 
left against its stop and acts as a stop for the main 
piston which is urged to the right by pressure at A, 
an intermediate position thus being obtained. With 
B and C to tank the cylinder is fully retracted. The 
required combinations of connections could be ob- 
tained by an ordinary four-way selector of the type 
which puts both lines to tank in neutral, but this 
would give the three positions in the wrong order. 
Suitable selectors, however, are easily devised and 
an example is shown in the diagram. There are 
several other types of three-position cylinders, usually 
requiring different types of selectors.! 


Special Power Economy Problems: When the out- 
put of a constant-delivery pump is being throttled, 
the pump must work at peak pressure for the throt- 
tling to be effective even though the pressure required 
may be quite low. Hence serious power wastage may 
be entailed. 

The problem may arise in the general case of throt- 
tling as a means of speed control, in the case of selec- 
tor-controlled follow-up servos, and also in certain 
circuits embodying reducing valves. For economizing 
power under such conditions, Fig. 77 shows a method 
as applied to a servo system or any other circuit in 
which speed may be reduced by opening the selector 












partially. The system is based on a special type of 
relief valve, similar to the combined relief-unloading 
valve of Fig. 6, but the upper or “loading” piston 
is only a little larger than the valve spool. Inter- 
posed between the loading piston is a spring in a 
preloading cage which only comes into operation when 
peak pressure is reached, in which case the upper 
piston travels down to a stop, and the device fuctions 
as an ordinary relief valve. 

Below peak pressure the spring merely acts as a 
rigid distance piece. The upper piston is loaded by 
pressure from beyond the selector or other throttling 
device. As long as there is flow and throttling, the 
valve will automatically set itself at a pressure only 
slightly higher than that required to move the cy)- 
inder, the difference being lost by throttling. If the 
cylinder load is of the nonreactive kind (friction or 
equivalent) the pump will be unloaded when the 
selector is brought back to neutral, pressure on the 
upper piston being allowed to leak out through the 
restrictor. With a reactive or “live” load the same 
effect can still be obtained by interposing a hydraulic 
lock between the cylinder and the branches leading to 
the nonreturn valves, as shown. 

Further basic analyses of machine hydraulics cir- 
cuits will be discussed in subsequent issues of Ma- 
CHINE DESIGN. These will be devoted to separate 
coverage of four specific types: open-center, pilot 
and electrical control, automatic sequence, and servo 
systems. 
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OR transmission of a substantially constant an- 

gular velocity ratio for a limited range of angular 

motion, the four-bar linkage may be a simple and 
effective substitute for more expensive toothed gear- 
ing. A suggested procedure for designing such link- 
ages is presented in this article. Also, sample designs 
and velocity ratio curves are presented. 

The linkage in Fig. la transmits a velocity ratio 


A 


Fig. 1—Four-bar linkage, a, designed for 
a velocity ratio, 2=win/woyr, Of —2 in 
the position shown. Velocity ratio plotted 
at 5, varies greatly with crank position 
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where O’ and O are the pivots of the input and output 
cranks, respectively, and P is the common instant cen- 
ter between the cranks in the position shown. In gen- 
eral the velocity ratio will be different from —2 for 
any other position of the same linkage. This may be 
seen from the graph of velocity ratio versus high- 
speed crank angle, Fig.1b. Obviously, if a nearly con- 
stant velocity ratio of —2 over an appreciable range 
of motion is desired, this particular design is poor 
since the ratio is close to — 2 for only a limited range 
of crank rotation. 
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Dimensions of the linkage in Fig. la were selected 
at random. A better design can be expected if the 
selection can be made in accordance with rules which 
place some restriction un the shape of the angular 
velocity ratio diagram in the vicinity of the design 
position of the linkage. One such restriction is that 
the rate of change of the velocity ratio with respect 
to the crank angle be zero; that is, 


dn 
— = 0 Hiaa «eS 


d¢ 

The motion transmitted is equivalent to the rolling 
of two curves in contact at P and pivoted at the crank 
pivots. The more nearly these two curves approach 
circles with centers at the crank pivots, the more 
nearly will the velocity ratio be constant. With these 
curves identified as the crank centrodes, the meaning 
of Equation 2 is that the crank centrodes should have 
their common tangent perpendicular to the line be- 
tween crank pivots. The linkage shown in Fig. 2a was 
designed in accordance with this rule. The curve of 
Fig. 2b shows that there is a definite, though short, 
range of motion in which the velocity ratio is essen- 
tially constant and hence the design is an improvement 
over that of Fig. 1. 

The design may be further improved by use of the 
relationship, 

d2n dn 
: — shake (3) 
d¢* d¢ 


This criterion means so designing the linkage that the 
crank centrodes not only have their common tangent 
perpendicular to the line of pivots but also have cen- 
ters of curvature at the pivots, and hence more closely 
approach the shape of circles centered on the pivots. 
The linkage of Fig. 3a is so designed. The diagram of 
Fig. 3b shows that the range of constant velocity ratio 
(within + 1 per cent) has been considerably extended 
and might be quite adequate for many applications. 


Design Details: The following design equations im- 
plement the process described: 


In 
PO = 
2-1 


*-1 


3ln 
(n—1)(2— Nn) 





PQ = 


PQ — 3ln ( 
‘= : Sa te ot 7) 
(m — 1) — 2m) 





All distances are directed, and the positive sense is 
from O’ to O. The symbol 7 stands for the distance 
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Fig. 2—Linkage designed for a velocity ratio 
of —2 under the restriction that du/d¢=0 in 
the design position. Velocity ratio, 6, is nearly 
constant over a very small range of crank motion 
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Fig. 3—Linkage, a, designed for a velocity ratio 
of —2 under the restriction d°n/d¢* = dn/d¢=0 
in the design position. Velocity ratio, b, is nearly 
constant over a substantial range of crank motion 
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FOUR-BAR LINKAGE 







O’O. The angular velocity ratio, n, is positive if the 
two cranks rotate in the same sense. 

Suppose that a design is desired for a velocity ratio 
nm = —2/3 and a distance between pivots of 1] = 6 
inches. From Equations 4 through 7, 















PO -- —_—————_- = _ 2.40 inches 
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Fig. 4 — Design layout for PO’ = a ‘veunee = — 3.60 inches 
a velocity ratio of -—2/3 <i 
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Velocity Ratio,-.7 
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Fig. 6—Differentiated by angle 7, three dif- 

ferent designs for a velocity ratio of — 1.50, 

and velocity ratio curves. For a velocity ratio 
of —1.50, small values 7 yield best designs 

















FOUR-BAR 


2 
3 (6) ( - —) 
PO :: = 2.70 inches 


(-F=1)(+F) 


2 
— 3 (6) (- =) 
PQ’ = _ = — 3.09 inches 


(-F-eod) 


These distances are marked on a layout as shown in 
Fig. 4. Then, with PQ and PQ’ as diameters, two cir- 
cles are drawn. Crankpin A can be selected anywhere 
on the PQ circle and the corresponding location of A’ 
found on the PQ’ circle by drawing a straight line (the 
connecting rod) through A and P. Nothing in the 
design procedure indicates what choice of location for 
A will give the best results, but experience has shown 
that locating A at the intersection of the PQ circle 
with a perpendicular to OO’ from the center of the 
circle gives consistently good results. After A and A’ 
have been tentatively chosen, the linkage may be 
drawn and its velocity ratio plotted as a check. 

A point to be emphasized in this design process is 
that restrictions are placed on the linkage at one po- 
sition only. There is nothing in the process to guar- 
antee that the speed ratio will be constant within 
satisfactory limits over any particular range of crank 
motion. Whether or not a tentative design is satis- 
factory can only be determined by“plotting the actual 
velocity ratio over the range of motion desired. The 
design process does eliminate a multitude of designs 
which are not worth trying, leaving a smaller group 
to be tested to discover whether a linkage exists which 
is satisfactory for the purpose in mind. 





LINKAGE 











Other Examples: A further understanding of the 
possibilities and limitations of the four-bar linkage 
for transmitting a constant angular velocity ratio may 
be gained from the designs in Fig. 5. In each case 
the foregoing process was followed in arriving at the 
design and crankpin A was located on the PQ circle at 
one end of the diameter perpendicular to OO’. The de- 
signs are not necessarily those which give the great- 
est range of motion with the design velocity ratio. 

The designs in Fig. 6 were prepared to show, for a 
design velocity ratio of —1.50, the effect of different 
locations on the PQ and PQ’ circles for the crankpins 
A and A’. The parameter 7 is the angle between the 
connecting rod and the line of pivots in the design po- 
sition of the linkage. For this example the trend indi- 
cates that small values of 7 give the best results. 





“With professional management and technology 
America’s future is assured. ... Unless engineers and 
engineering educators seize and answer this call to 
leadership, others will grasp and exploit it. Then 
the engineering profession, engineering education, 
and industry will have missed a great opportunity.” 
—Harry RvBEY, professor and chairman, Department 
of Civil Engineering, University of Missouri. 
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By James L. Dooley 
Engineering Manager 
Rhodes Lewis Co. 

Los Angeles, Calif. 


ERHAPS the greatest single factor distinguish- 
ing pneumatic systems from mechanical, hy- 
draulic or electric methods of doing the same 

job is the facility to store large quantities of en- 
ergy as compressed gas available for instant use with- 
out complicated energy conversion equipment. Pneu- 
matic energy resembles a flywheel in this respect. In 
fact, high-pressure pneumatic systems generally can- 
not be justified unless the requirements for high 
peak power of short duration or minimum weight 
exist. About the only exception is where high-density 
gas is required for chemical purposes. For continu- 
ous-duty loads, other methods are generally more 
efficient. Because of this the characteristics of pneu- 
matic energy storage and associated equipment should 
be examined closely to completely exploit the ad- 
vantages. 


Pneumatic Energy: First, examine the paradoxi- 
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cal energy flow in a pneumatic system. The com- 
pressor requires power to operate but practically 
all of this ene.gy is disposed of as heat loss in the 
compressor cylinders themselves, the aftercooler, and 
the compressed air receiver. When the compressed 
air in the receiver reaches the same temperature 
as the compressor inlet air, the energy of compres- 
sion is completely removed. But where does the en- 
ergy come from to make the compressed air do work 
such as run an air motor or operate a piston in a 
cylinder? It comes from the internal energy in the 
air itself. Removal of this internal energy mani- 
fests itself as cooling of the air being used when 
work is being done with it, i.e., the compressed gas 
removes heat from itself by lowering its tempera- 
ture to do the work required. This reduction in gas 
temperature results in a reduction of the availability 
of the energy in the remaining gas in the receiver. 

Pressure, P, temperature, 7,.and volume, V, rela- 


























tionships can be conveniently expressed for either 
expansion or compression (adiabatic) of a perfect 


gas by the basic gas laws which are given here for 
ready reference. Subscripts 1 and 2 denote the be- 
fore and after conditions. 
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Nomenclature 





P = Absolute pressure, pounds per square foot 

V = Volume of gas, cubic feet 

p = Absolute pressure, psi 

v = Volume of gas, cubic inches 
W = Weight of gas, pounds 

R = Gas constant for air = 53.3 

T = Absolute temperature, degrees Rankine (F + 

460) 








(6) 
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P, 





Actually, gases in general and air in particular 
do not exactly obey these “perfect gas” relationships. 
In certain applications where large temperature 
changes are encountered and the total energy stor- 
age is important (as in aircraft) this variation must 
be taken into account. Fig. 1 shows actual meas- 
urements taken by varying the ambient temperature 
on a sealed air receiver and noting the pressure vari- 
ation therein. The theoretical variation as computed 
from Equation 5 is plotted for comparison. This 
curve will vary slightly depending largely upon the 
moisture content of the air. In actual use, with a 
compressor in the system, the receiver is recharged 
as the temperature and pressure drop, hence this ef:- 
fect is not so marked. 

' For any given job to be done there is an optimum 
air storage pressure. This depends upon what factors 
are to be optimized. In many industrial installations 
the minimum installation and operating cost is de- 
sired while space and weight are of almost no im- 
portance. To handle a given job, low-pressure stor- 
age may be used but larger air receivers and com- 
pressors may be required than if a higher pressure 
is selected. Hand-held pneumatic tools, for example, 
become larger and heavier at the lower pressures, 
making the operation less efficient. Although each 
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HIGH-PRESSURE PNEUMATICS 












It is helpful to examine what happens to moisture- 
laden air as it proceeds through a high-pressure pneu- 
matic system. Point A of Fig. 3 shows that at 100 
F and sea level atmospheric conditions, one pound of 
compressed air will contain 270 grains of water vapor 
under saturated conditions. One grain of water is 
a large drop (14-inch in diameter) and one pound of 
air is approximately 14 cubic feet. If this air, com- 
pressed to say 1500 psig, leaves the compressor at 
400 F, it could contain at point B 900 grains of water 
as vapor per pound of air. However, since this addi- 
tional water is not available the relative humidity 
at this point is 30 per cent. 

As this compressed air is cooled in an aftercooler, 
in the lines, or in the receiver, point C will be ap- 
proached and under these circumstances the air 
can contain only 3 grains of moisture per pound of 
air. Since this is less than was taken into the ma- 


































Fig. 5—Forged and welded stainless steel spherical re- 
ceiver designed to hold 200 gallons at 5500 psi working 
pressure at —340 F. Used by the U. S. Air Force in rock- 
et propellant experiments, the unit has a high safety tol- 
erance and a pressure vessel index of 50,000. Nearly one 
ton of welding rod was used and each weld pass Dy- 
Cheked for porosity. Courtesy Turco Products, Inc. 











































individual case must be analyzed in the light of 
factors that apply primarily to it, initial cost, instal- TTT Mitty 
lation and maintenance must be considered not only Pate blob ATTN" |] 
for the receiver itself, but for the complete system. 7" . 
As in a flywheel, where energy can only be re- ry A J \ 
moved by reduction in speed, the air receiver will - ¥; 
give up energy only when a pressure reduction occurs. 
There the similarity ends, however, because in the 
gas secondary effects take place. Pressure reduc- 
tion results in temperature reduction unless the 
change occurs so slowly that heat can enter to main- 
tain isothermal conditions. This temperature reduc- 
tion reduces the availability of the remaining en- 
ergy. Because of this, together with the fact that 
the exhaust air must be dumped against atmospheric 
pressure, the actual optimum operating pressure 
varies with the method of use, the rate of use and 
the storage pressure as shown in Fig. 2. 





Condensation Problems: In almost all air storage 
systems there exists the problem of condensation of 
water and oil from the compressed air with attend- 
ant problems of removal, corrosion and freezing. In 
some high-pressure systems the removal of portions 
of this water and oil becomes mandatory to avoid 
malfunctioning. This is especially true for use in air- 
craft or in systems exposed to low-temperature op- 
erating conditions. Fig. 3 shows how much water 
can remain in the compressed air as vapor under 
various pressure and temperature conditions. It is 
a theoretical plot based on the laws of partial pres- 
sures. 
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Fig. 6 — Above — Fiber wound, plastic-im- 
penipalai iphschal sig sucdieer Soe SOME vea: 


pressure with volume of 113 cubic inches and 
io weight of two pounds 
Fig. 7—Below—Typical commercial installation of 
a 


nae mere pneumatic system. Receiver is 
ed at 3125 psi, holds 3500 cubic inches 
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chine, obviously the excess water must condense 
out and be collected somewhere as liquid. As is 
obvious from Fig. 3, if the temperature is further re- 
duced more water vapor will be condensed, although 
in an increasingly smaller percentage. Under con- 
ditions below 32 F, condensate will freeze and, as 
can be seen, only an extremely small amount of 
water can exist in the air as vapor. 

It is also of importance to note that once the 
water is removed and the air is used at some lower 
pressure than storage pressure, the conditions shown 
as D on Fig. 3 may be typical. Under these con- 
ditions the relative humidity is low (38 per cent) 
and there will be no condensation at this point. If, 
however, work is done with the compressed air, 
adiabatic expansion may occur with a resultant dras- 
tic temperature reduction which condenses out mois- 
ture and freezes it so that it temporarily appears 
as snow. Under conditions of low relative humidity 
the flowing air will actually remove water en- 
trained in the system. 


Water Removal and Receiver Design: After the 
water has been condensed by heat removal and tem- 
perature reduction it exists as droplets either en- 
trained in the air system or collecting on the walls 
and in low spots. This water should be collected 
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and removed, one very good place to do this being 


in the receiver proper. In the receiver the air is 
relatively stationary and the entrained moisture 
settles so it may be drained if the receiver is proper- 
ly piped, Fig. 4. This separation may be aided by 
spinning the incoming air to effect centrifugal sep- 
aration or by passing the air through chemically 
treated filter materials that reduce the surface ten- 
sion thereby improving collection. 

The problem as to the optimum shape for a high- 
pressure vessel to do a given job has been a sub- 
ject of much discussion, especially where minimum 
weight and space both must be given consideration. 
It has been quite well established that the long cyl- 
indrical drawn tube with the ends swaged down is 
the most economical for general applications, al- 
though there are several noteworthy exceptions to 
this. One, shown in Fig. 5, is a very heavy welded 
spherical shell for 5500 psi service. 

Although spherical shells are more difficult to fabri- 
cate and install in cramped places, they are used 
wherever weight is a prime consideration; classical 
stress analysis showing the hoop stress to be one-half 
the longitudinal stress explains this. In most spheri- 
cal designs the joint falls on the great circles hence 
the point of highest stress has the weakest, most 
questionable section unless considerable reinforce- 
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ment is used. This difficulty may be avoided by 
wrapping the sphere with high-tensile wire or other 
material. Fig. 6 shows an experimental glass fiber 
wound plastic-impregnated sphere with an inner seal- 
ing lining. This unit weighs less than the present 
best steel shells. 

In designing air receivers, shattering on impact 
must be considered. The high specific energy stor- 
age causes the entire receiver to shatter and the 
pieces become shrapnel. Experience has indicated. 
that steel cannot be heat treated to much above 120,- 
000 psi yield point if shattering is to be avoided. Be- 
cause of this, together with possible malfabrication, 
the effects of corrosion, embrittlement, and rough 
handling, the design and manufacture of high-pres- 
sure vessels is closely controlled by the codes of 
standard practice. Fig. 7 is a typical unit built un- 
der commercial codes. 


Receiver Size: In selecting the size of receiver to 
handle a given job it must first be established just 
how much air is required from the receiver before 
the recharge compressors have time to become ef- 
fective, even if the recharge system is in operation 
most air withdrawals occur so rapidly the amount 
of air added during this time is negligible. Where 
only one or two repeated cycles of operation occur 
and the total pressure-ratio change is not too great, 
it is convenient to make an approximation on an 
air-weight basis. From the basic gas laws 





Ww 


SS ee 7 

340,000 - 
For example, to ascertain the receiver size required 
to make one operation of a 300 cubic inch displace- 
ment cylinder at 1700 psi, minimum, when the initial 
receiver pressure is 2250 psi, the cylinder requires 


1.700 (300) 
340,000 


= 1.5 lb. air per cycle 


With 550 psi available pressure drop in the receiver 
the volume necessary to deliver 1.5 pounds of air is 


550 v 


~ 340,000 
v = 930 cu. in. 


When numerous repeated cycles of operation are re- 
quired, a more rigorous analysis is necessary. The 
basic gas laws yield the following formula, except 
the exponent has been modified by experimental data: 


Vi y™ 


ti (8) 
Vi + Vo 


P, = P; ( 





where N = number of repeated cycles. 

As another example, it is desired to determine the 
receiver volume at 3000 psi working pressure that 
must store sufficient air to operate a cylinder of 30 
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cubic inches displacement per cycle seven times at 


1500 psi minimum before recharge. Assuming no 
leakage and no pressure regulators in the system 


V1 1.1% 7 
1500 = 3000 (>...) 
v1 T 30 
v; = 320 cu. ins. 


The second method of analysis accounts for the re- 
heating of the air in the receiver during the multiple 
cycles of operation. This energy comes from the heat 
capacity of the receiver walls and the surrounding 
atmosphere. The exponent 1.1 is taken from actual 
practice to allow for this and other minor factors. 

On weight consideration only, Fig. 8 indicates that 
there is not too much to be gained by going to in- 
creasingly higher pressures. The increased weight 
of the compressor and associated equipment when 
taken with the receiver and end use equipment in- 
dicate the optimum operating pressure for minimum 
weight to be below 1500 psi. However, in aircraft, 
space requirements dictate current working pressures 
of 3000 psi and consideration is being given to 6000 
psi systems for this same reason. 

As indicated in Fig. 1, it is undesirable to allow 
receiver temperature to fall appreciably after charg- 
ing. It is even more undesirable to take a very rapid 
pressure depletion over a large ratio (final to initial 
pressure). Expansion conditions within the vessel 
approach adiabatic (1.4) and a very large tempera- 





AN AUTOMATICALLY actuated circulation sys- 

tem, controlled by thermostats, keeps the water 
in fire trucks from freezing despite exposure to tem- 
peratures as low as —65 F. This circulation sys- 
tem, installed in the new Type 0-10 fire trucks de- 
signed for the U. S. Air Force by American-LaFrance- 
Foamite Corp., continuously circulates the fire-fight- 
ing water through a heat exchanger when the water 
temperature falls below a safe level. 

Two circulation pumps draw the cold water from 
the 500-gallon water tank, pump it through a heat 
exchanger, where it is warmed, and return it through 
the fire pump piping to the tank. Heat is supplied to 
the heat exchanger by a circulating liquid, usually 
ethylene glycol, which is brought to temperature by a 
thermostatically - controlled 90,000 BTU gasoline 
heater. 

The circulating pumps are controlled by a precision 
thermostat manufactured by Fenwal Inc. The ther- 
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Circulating System Prevents Fire Truck Freeze-Ups 


ture drop occurs leaving cold dense air in the re- 
ceiver. Heating of this air may be desirable for spe- 
cial applications such as gas turbine or diesel en- 
gine starting. If the outflowing air is heated by com- 
bustion of fuel in it or by heat exchangers, some 
of this warm air may be recirculated to the receiver 
so that less weight of gas is left in the receiver at 
the end of the operation. 

Even for commercial installation where weight is 
not a prime consideration, it is desirable to make the 
receiver no thicker and heavier than necessary for 
economical manufacture. In order to have a com- 
mon measure for all types of receivers the author 
has used a somewhat arbitrary definition for some 
years and found it useful. 


BV 
{= 
Ww 
where J = pressure vessel index; B = burst pressure, 
psi; V = volume, cu in., and W = weight, lb. 


In Fig. 9 is a chart indicating what can be expected 
from current practice. 

Although the designer is faced with supplying the 
lightest, the smallest, or the cheapest possible re- 
ceiver for a given installation, he can never forget 
that safety is really the prime consideration—all 
others are secondary. To alter and quote an old 
proverb, “High pressure air, like the sea, is horribly 
unforgiving of carelessness.’”’ Never let the designer 
be accused of carelessness. 








mostat, set at 60 F, is installed in an exposed section 
of the water line to assure earliest possible contact 
with low ambient temperatures. To warn personne! 
that some malfunction has permitted the water tem- 
perature to fall to a dangerously low level, a second 
thermostat is installed in the circulating line. This 
thermostat, whose contacts are adjusted to close at 
40 F, is wired to the vehicle’s horn. This warning 
notifies operating personnel of a malfunction so tat 
they can make repairs before freezing damage occurs. 








- 







O galion.water 
tank 




















7 
Suction tine- 


















booster heoter 
system 





Ci ‘irculo ting 
pump 











‘Ethylene glycol return 








4 











MACHINE DesIGN—April 1953 






























<— 


Tet-with this dc 
we switches 
















C. S. Allen and Harris Shapiro 


General Manager Chief Electrical Engineer 
Star-Kimble Motor Div. 
Miehle Printing Press and Mfg. Co. 
Bloomfield, N. J. 









































t Ts have been developed current, and LZ = active conductor length. 
e control of levers, dials, valves, Consider a stator which consists of conductors ar- 


M 


and Other< 


sters on various types of equip- ranged in slots of an iron cylinder. Current-carrying 
ment. In principle and operation, some of these are conductors in an iron core are said to produce an 
mechanical, some are hydraulic, and still others are electromagnetic field. The forces created by this field 
electric. At times a combination of two or even all can be examined with the law of magnetism in mind. 


three of these approaches has been used. Each posi- 
tioning device has particular characteristics which 
make it suitable for specific applications. 

A new positioning device, known as a dc positioning 
motor, has been developed by Star-Kimble. This sim- 
ple rotary, electromagnetic unit indexes to a number 
of predetermined positions. It can be remotely ener- 
gized and directionally controlled by a rotary selector 
switch, push-button contro] or other contact-making 
mechanism. Several of these positioners can be pow- 
ered from the same master switch allowing the re- 
mote start and control of a number of operations si- 
multaneously. For its size this positioning device de- 
velops a high torque which provides a definite and 
fast response in following any control switch. 











Theory of Operation: The principle of operation of 
the positioning motor is perhaps best explained by 
Ampere’s fundamental law of magnetism. It states 
that a current-carrying conductor located in a mag- 
netic field and at right angles to the field will be 
pushed by a force proportiona] to the flux density 
of the field, the current flowing through the conductor, 
and the length of the conductor that is actively in the 
field. The attraction and repulsion effects of the con- 
ductor field and the magnet field are shown in Fig. 1 
and are expressed mathematically by 


F= BIL 





where F = force, B = flux density, ] = conductor 
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Let current flow in the same direction through half 
of the conductors on one side of the stator and equal 
current flow in the opposite direction through the 
other half. A bar magnet, free to rotate, is placed 
at right angles in this stator with its axis at the 
center. It will align or position itself as depicted in 
Fig. 2 because of a balance of forces of the stator field 
and the bar-magnet field. This concept is the basis of 
the de positioner which is simply a rotor in the form 
of a magnet that aligns itself in the electromagnetic 
field of a stator. Orientation changes of this stator 
field provide a number of accurately controlled rotor 
positions. 


Design: The positioner, shown disassembled in Fig. 
3, is fundamentally a de motor of special construction. 
The rotor in its simplest and most common form is a 
two-pole, permanent magnet with each pole having a 
soft-iron pole-shoe. For special application the torque 
of the positioning motor can be increased by use of a 
wound dc rotor with slip rings in place of the per- 
manent-magnet rotor. This feature would be espe- 
cially valuable in intermittent duty units to produce 
a high torque without the danger of demagnetizing a 
permanent-magnet rotor. 

The stator is high-permeability iron with slots 
which contain a continuous full-pitch, double-layer lap 
winding. Leads are brought out from each connected 
pair of coils which make up this stator winding. There 
will be the same number of leads as slots and there 
may be as many slots as it is practical to have in a 
given stator diameter. It becomes apparent that a 
greater number of slots can be more easily incor- 
porated as the stator diameter is increased. 


Positioning Control: Direct current is used for po- 
sitioning power and is usually applied to only two 


diametrically opposite stator leads at the same time. 
Generally the maximum number of positions possible 
will equal the number of leads. Since the transmitter 
or remote-control mechanism for operating the dc po- 
sitioning motor is usually nothing more than a simple 
multiposition switch, its particular form can be readily 
adapted to the requirements of the application. [If all 
available positions are needed, a simple rotary switch 
with a pointer indicating each position will be ade- 
quate. The switch can be built in the form of a key- 
board with each key representing a desired orienta- 
tion. If an application requires only a few unequally 
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Spaced positions, then only the necessary leads corre- 
Sponding to these positions need be brought to the 
transmitter and the positioner can be operated by 
Pushbuttons and relays. 

A special switching arrangement makes it possible 
to increase the number of positions available by four 
times the number of stator slots or leads. For a 36- 
lead.de positioner, Fig. 4a schematically shows a mul- 
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tiposition switch for applying power to two diametri- 
cally opposite leads. When plus power is supplied to 
lead 1, minus power is supplied to lead 19; when plus 
power is supplied to lead 2, minus power is supplied 


to lead 20, etc. Thus 36 definite positions are avail- 
able from this switch. 

In Fig. 4b the same switch is shown except the pos- 
itive power contact is displaced clockwise 2.5 degrees 
while the negative power contact is not moved with 
respect to the switch shaft. As this switch is initially 
turned from leads 1 and 19 toward leads 2 and 20, 
respectively, the positive contact first bridges leads 1 
and 2 while lead 19 alone receives minus power. This 
connection rotates the orientation of the stator field 
2.5 degrees and thus the rotor turns 2.5 degrees to 
re-establish equilibrium. If the switch is turned fur- 
ther, leads 19 and 20 are bridged while 1 and 2 are 
still bridged. This condition provides another 2.5- 
degree change in the stator field followed by a corre- 
sponding adjustment of rotor direction. Further ad- 
vance of the switch causes the positive contact to 
leave lead 1 and supplies plus power to lead 2 only 
while leads 19 and 20 continue to receive minus power. 
This contact arrangement rotates the rotor 2.5 de- 
grees more. Finally, the negative contact leaves lead 
19 and power is applied to leads 2 and 20 only. An- 
other 2.5-degree rotor change results. Therefore, this 
special switch provides for the accurate orientation of 
the rotor of this 36-lead motor in 144 positions or 
every 2.5 degrees. 


P, sitioning Torque: When a dc voltage is applied to 
two diametrically opposite leads of the positioning 
motor, Fig. 5, half of the stator winding will carry 
current in one direction and half in the other direc- 
tion, as shown graphically in Fig. 6 by the dotted line, 
N,I. The strength of the magnetic field is assumed 
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to be sinusoidally distributed in the air-gap as shown 
in Fig. 6 by the dashed curve, B,, cos x. This condi- 
tion closely approximates reality. 

The forces at any point in the air-gap exerted on 
the rotor, with it in the position indicated by the solid 
outline in Fig. 5, are proportional to the products of 
the two curves N,/J and B,,cosx. This product is 
shown by the solid line in Fig. 6. For this rotor posi- 
tion, the average force (and therefore torque) is zero, 
which is to be expected since the stator and rotor 
fields are in line or in equilibrium. 

When the rotor is turned from its equilibrium posi- 
tion as shown by the dashed outline in Fig. 5 by an 
angle a, or equivalently, if a de voltage is applied to a 
different pair of diametrically opposite stator leads 
removed from the original by the angle a, a restoring 
torque is created. The magnitude of this torque is 
the sum of the forces around the rotor times the ra- 
dius of the rotor, or symbolically 


z=2e 


n= San (2) 


where T. = restoring torque at angle a, « = rotor an- 
gular displacement from point of zero torque, F, = 
force on rotor at any point x, and D = rotor diameter. 
But since 


F = BIL 


the general equation can be written 


z, ase > (BIL), (Az) & ) 
ae 2a ? “ 2 
x0 





More specifically 


2=2e 


D 
[L N,I By, cos (x + a)} (Az) (—) 


T,=— 
2 
z=0 


where N, = number of conductors per slot and B,, = 
maximum magnetic flux density in the air-gap. Com- 
bining constants, the torque could be evaluated by the 


integral 
DLN,IBn, 


22 
f cos (x + a) dx 
47 


0 

if the flow of the current, J, were in the same direction 
completely around the stator. Since the direction of 
current flow with respect to the stator changes every 
w radians, the restoring torque could be determined 
for each half of the stator circumference and added. 


It is simplest, however, to take two times the torque 
for half of the stator in which the direction of cur- 
rent flow is the same, or 


DLN,IBn 
T, = —————_ cos (x + a) dx 
27 0 


Integrating gives 
T.= EN,1B,. sina 


It should be noted that the foregoing derivation 4s- 
sumes that the conductors themselves lie in the m4g- 
netic field and all force is exerted on them. Actually 
this is not the case since the conductors are embedded 
in the stator slots surrounded by iron of high perme- 
ability which carry most of the flux. Therefore the 
forces are redistributed and most of the thrust is 0M 
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the stator core and little is on the conductors. The 
total force, however, remains the same and the torque 
equation is valid. 

The torque-angle characteristic of a positioning 
motor with a wound rotor will approximate a sine 
wave times a constant as already discussed. This is 
shown by the dashed curve in Fig. 7 and is referred to 
as the principal torque. 

When a permanent-magnet rotor is used, a smaller 
secondary torque component is introduced in addition 
to the principal component of torque produced by the 
interaction of the stator current and the permanent- 
magnet field. This secondary torque is produced be- 
cause the air-gap is larger in the interpolar space than 
it is along the polar axis. Known as a reluctance 
torque since it is caused by the difference in reluc- 
tance between the interpolar and polar axes, it always 
tends to return the rotor to the position which will 
make the flux produced by the stator field a maximum. 
Fig. 5 shows that its value must be zero when « = 
0 or +/2 radians. This “second harmonic torque” as 
shown by the dotted curve in Fig. 7 distorts the re- 
sultant torque curve. The resultant curve, which is 
the algebraic sum of the principal and reluctance com- 
ponents of torque, is shown by the solid curve in Fig. 
7. The reluctance torque does not appear in a posi- 
tioning motor with a wound rotor because it has a uni- 
form air-gap over the entire rotor circumference. 

Test data from an actual permanent-magnet posi- 
tioner similar to the one shown in Fig. 3 are plotted 
in Fig. 8. Approximately 10 inches long and 8 inches 
in diameter, the 36-slot unit was designed to operate 
on 28 volts dc. The current was 4.8 amperes and thus 
the power consumed was 135 watts. For test pur- 
poses the rotor was held stationary with an arm con- 
nected to a spring balance for measuring the torque 
and the power was successively applied to adjacent 
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leads. The torques indicated can also be considered 
as those that would be developed if the de supply 
power remained connected to two diametrically oppo- 
site taps and the shaft were rotated in 10-degree steps 
from 0 to 360 degrees. 

The maximum torque was about 7 lb-ft. A substan- 
tially high torque was reached by 45 degrees and re- 
mained more or less constant to about 135 degrees 
and then dropped back to zero. The other half of the 
curve is similar but the torque is in the reverse direc- 
tion. It is apparent that this is a desirable torque- 
angle characteristic, because slight rotational dis- 
placements of the rotor cause sharp increases in 
torque and thereby produce accurate positioning. 


Sizes and Applications: The permanent-magnet ro- 
tor provides for a simple and rugged rotor construc- 
tion. If properly stabilized, it should be completely 
satisfactory. However, should operating conditions 
require it, a wound rotor can be substituted. Since 
the stator is essentially a standard motor stator, it is 
apparent that large sizes can be built. The torque 
ratings of motors in the larger frames can be further 
increased by the use of Class B and Class H insulation 
or through the use of external motor-driven blowers 
of sufficient size to dissipate the losses and to main- 
tain safe temperature limits. The dc positioning mo- 
tor can be built in practically any size. 

Typical applications of this unit are positioning 
hydraulic valves, adjusting heat controls for railroad 
cars, turning tuning dials for aircraft radios, posi- 
tioning speed control rheostats, controlling variable- 
speed pulleys, and spot location of automatic welders. 
Besides the rotational and positioning uses, it shows 
promise for supplying a predetermined pressure or 
torque, for measuring pressure or torque, and for in- 
dicating position or magnitude of a remote operation. 
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Selection and Application of 


ROLLER BEARING 


° 


By Kenneth N. Mills 


Chief Engineer 
Walter O'Bannon Co 
Tulso, Okla. 


ERVICE performance of any machine using roller 
NS bearings depends on the designer’s ability to 
visualize the nature and magnitude of service 
loads, and to select bearings to withstand these loads. 
The bearing must have performance characteristics 
suited to expected load and alignment conditions; bear- 
ing mounting must be designed to assure proper load 
distribution; and bearing fitting practices must suit 
the temperature and load conditions prevailing in 
service. 

The selection problem can be reduced to two funda- 
mentals. First, the nature of the supporting housing 
must be defined; then the type of bearing must be 
selected. Choice of type of bearing depends on nature 
of the motion, rigidity of the installation, and direc- 
tions of loading. Selection of bearing size involves 
consideration of speed, magnitude and nature of the 
load, and desired life expectancy. If probable service 
loads are indefinite and shock loads are likely, an ap- 
plication factor based on experience should be provided 
to allow for these contingencies. 


Choosing a Bearing Type: Within rather broad lim- 
its, the type of bearing selected for a given application 
is a matter of design choice; all types have been used 
in nearly all applications. This freedom is usually 
achieved by design of the structure used to support 
and house the bearing. The designer has three basic 
types of roller bearings to choose from—straight, ta- 
pered and self-aligning—-and each type of bearing has 
its individual characteristics. Typical bearings of 
each type are shown in Fig. 1. 


Basically, the straight roller bearing is suited to 
resist radial loads in installations where shaft and 
housing deflection do not disrupt the normal even load 
distribution over the face of the bearing. Conven- 
tional straight roller bearings will not resist thrust 
or axial loads; however, they can be obtained with 
guide lips on both the inner and outer races as shown 
in Fig. 2. Constructed in this manner, they resist 
the light loads required to maintain axial shaft loca- 
tion in installations where the shaft is subjected to 
very minor thrust, such as that occurring with belt 
or chain drives. Heavy thrust loads, however, cannot 
be carried. 

Tapered and self-aligning roller bearings are de- 
signed to carry heavy radial and thrust loads. The 
self-aligning bearing can be used in installations where 
shaft or housing deflections are excessive, and where 
unavoidable manufacturing variations create adverse 
alignment between the shaft and housing. Straight 
and tapered roller bearings can also be applied to the 
latter type of installation if they are mounted in seli- 
aligning housings. 

If straight or tapered roller bearings are applied 
where excessive deflection exists between the shaft and 
housing, life of the bearing will be reduced materially, 
because the normal load distribution across the face 
of the roller is disturbed. In an ideally loaded straight 
roller bearing, the load is uniformly distributed over 
the length of the roller. This uniform load distribu- 
tion produces a roller stress pattern as shown in Fiy. 
3a. Unit stress is not uniform over the length of the 
roller, and the highest stresses occur at ends of the 
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roller. If this roller is subjected to a nonuniform 
load due to excessive shaft deflection, one end of the 
roller must support an increased load, while the load 
on the other end of the roller is decreased. This load 
condition produces a stress pattern as shown in Fig. 
3b. Stress at one end of the roller is much higher 
than at the opposite end and, therefore, the load ca- 
pacity of the bearing for a given life is materially 
decreased. 

Sensitivity of straight roller bearings to shaft and 
housing deflection can be decreased by relieving the 
ends of the rollers, Fig. 3c. When roller end-relief is 
properly proportioned, stress across the face of the 
roller is uniform, and the high stress points at the end 
of the roller are eliminated. End-relief increases the 
useful load capacity of the bearing because it decreas- 
es the peak roller stress, and at the same time de- 
creases sensitivity of the bearing to minor misalign- 
ment. However, it will not make the bearing suitable 
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for major housing or shaft misalignment. 


Designing the Housing: Since load capacities of 
both straight and tapered roller bearings are affected 
by misalignment, combined housing and shaft deflec- 
tions must be limited to assure good bearing perform- 
ance. Experience has shown that total effective de- 
flection at the bearing should be limited to approxi- 
mately 0.0005-inch per inch of bearing width to assure 
good performance. As this deflection limit involves 
both the shaft and the bearing supporting housing, 
relative location of the bearing housing with refer- 
ence to its support should be given careful considera- 
tion. Caution is particularly necessary in welded 
housings because of the simplicity of manufacturing 
housings off-center with respect to the supporting 
frame. 

A. typical off-center bearing housing in a welded as- 
sembly is shown in Fig. 4a. In this illustration, the 
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center of the bearing is not coincident with the center 
of the case wall. Bending moment resulting from this 
asymmetry must be resisted by the case wall since it 
may produce deflections which limit bearing perform- 
ance. If the bearing does not carry thrust loads, this 
deflection can ‘be substantially eliminated by mounting 
the bearing with its center coincident with the center 
of the case wall, Fig. 4b. 

If a shaft is carried on single row tapered roller 
bearings, the housing must be designed to resist both 
radial and thrust loads. If the bearing is subjected 
to a pure radial load, this radial load produces a thrust 
component because of the taper. If the bearing car- 
ries a combined radial and thrust load, the housing 
must be designed to resist each of these loads with 
minimum deflection. If the bearings are carried in a 
welded structure, minimum deflection can usually be 
accomplished with ribs, Fig. 5. 

If the housing is not sufficiently rigid to resist these 
loads with minimum deflection, adverse load distribu- 
tion across the face of the bearing will reduce the 
bearing life. Excessive housing deflection also results 
in poor initial bearing adjustment and produces ef- 
fects identical with those resulting from worn or 
loosely adjusted bearings. Looseness from this con- 
dition may cause a shift in the location of the shaft, 
which may adversely affect the operation of machine 
elements driving the shaft. If the driving elements 
are gears, this alignment shift may create an unfavor- 
able load distribution across their working faces. 


Specifying Mounting Tolerances: If they are assem- 


bled with zero diametra] clearance and subjected to 
minor misalignment, straight roller bearings will cre- 


ate extremely ‘high thrust loads. Sensitivity to mis- 
alignment decreases as the diametral clearance is in- 
creased. Within limits, the diametral clearance is con- 
trolled by the amount of interference between the in- 
ner and outer races and their supporting surfaces. 
These interferences should be in accurdance with the 
bearing manufacturer’s recommendations. 

An unusual example of a straight roller bearing ap- 
plication which gave unsatisfactory service due to the 
thrust loads created by the bearing in the connecting 
rod assembly is shown in Fig. 6. This connecting rod 
assembly was used in a high-pressure power pump, 
and the thrust loads developed in the connecting rod 
bearing caused excessive crosshead wear. In the orig- 
inal design, the connecting rod was located laterally 
at the crosshead end, and was allowed to float later- 
ally on the straight roller bearing on the crankthrow 
to compensate for manufacturing variations. When it 
was realized that crosshead failures were caused by 
the thrust loads developed in the straight roller bear- 
ings, the design of the crankthrow bearing was 
changed to provide lateral retention. In the new de- 
sign the crankthrow bearing was changed to the de- 
sign shown jn Fig. 2, thus retaining the connecting rod 
laterally at the crinkshaft. Lateral clearance between 
the small end of the connecting rod and the crosshead 
was increased to provide lateral movement at this 
point to allow for manufacturing variations. This 
change relieved the crosshead of ‘the lateral loads and 
eliminated failures. 

To assure freedom from bearing race creep or rota- 
tion on the shaft seat or in the housing, bearing 
mounting tolerances must suit the directional nature 
of the load. For example, if the outer race of a bear- 
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ing is not an interference fit in its housing, and the 
direction of the load rotates with relation to a fixed 
point on the housing, the bearing race creeps or ro- 
tates in the housing. Relative motion thus produced 
between the bearing race and housing causes housing 
wear, resulting in excessive looseness between these 
two parts. In this case, the relative motion between 
the two elements is the result of the bearing race act- 
ing as a planet gear in an epicyclic gear train. If the 
load revolves with reference to a fixed point on the 
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ROLLER BEARINGS 


bearing housing, Fig. 7, the point of contact between 
the outer race and its bore also revolves. Since cir- 
cumferences of the two elements are unequal, relative 
motion exists between the two parts. This same ac- 
tion occurs on the inner race if it is not an interfer- 
ence fit on the shaft and the load direction revolves 
with reference to a fixed point on the shaft. In most 
designs, load direction is constant with respect to a 
fixed point on either the shaft or housing. Therefore, 
standard roller bearings are designed to have one race 
mounted with an interference fit and the other mount- 
ed with approximately zero tolerance. 

If unitized bearings, such as straight and self-align- 
ing roller bearings, are applied with an interference fit 
between both races and their supporting. surfaces, 
special bearings with extra amounts of internal clear- 
ance should be used. If standard bearings are used, 
race expansion and contraction resulting from the in- 
terference fit may cause the bearing to be preloaded, 
thus reducing the useful load capacity of the bearing. 
In a straight roller bearing, this preload may cause 
the development of excessive end-thrust loads result- 
ing from the tendency toward axial movement created 
by minor dimensional variations in the bearing. 


Bearing Adjustment Methods: If the shaft is carried 
on adapter-mounted bearings similar to that shown 
in Fig. 8, internal clearance is controlled by the tight- 
ness of the adapter drawnut, and the adjustment 
should be controlled by the internal clearance in the 
bearing. This control can be accomplished by measur- 
ing the end movement of the shaft relative to the hous- 
ing, or by measuring the internal clearance in the 
bearing with a feeler gage. These clearances must be 
in accordance with the bearing manufacturer’s recom- 
mendations if satisfactory bearing service is to be 
achieved. 

The problem of bearing adjustment must be consid- 
ered during selection of the mounting arrangement for 
tapered roller bearings. If the bearing races are to be 
mounted directly in the housing and on the shaft, it 
is desirable to make tthe bearing adjustment by mov- 
ing the member which is a slip fit on its supporting 
surface. In the more common applications where the 
shaft rotates and the outer race is a tap fit in the 








housing, bearing adjustment should be attained by 
moving the outer race. This can be accomplished with 
shims, Fig. 9a, or with a threaded member, b. If the 
load direction rotates relative to the housing and it 
is desirable to adjust the bearing by moving the outer 
race, the outer race should be indirectly mounted, Fig. 
9c. In this mounting, a press fit between the outer 
race and its bore is used to prevent race creep. Bear- 
ing adjustment is attained with shims between the 
flange of the carrier and the housing. 

When tapered roller bearings are adjusted by mov- 
ing the inner race on the shaft, the adjusting device 
must be designed to resist wear which will result in 
loss of adjustment. This wear usually occurs on the 
face of the adjusting nut or washer; it can be pre- 
vented by hardening the faces which contact the bear- 
ing race. Since the standard SAE-type bearing retain- 
er nut and lockwasher does not have hardened faces, 
it should not be used to adjust tapered bearings. If it 
is used, the soft lockwasher will wear, causing loss of 
bearing adjustment, or the retaining key on the lock- 
washer may break, permitting the nut to become 
loose. Double locknuts, Fig. 9d, can be used. In this 
design, the contacting face of the nut should be hard- 
ened to prevent wear. 


Shaft-Mounted Bearings: Where maximum shaft 
strength is desired in applications using straight roller 
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bearings, the shaft is usually haraened to serve as an 
inner race for the bearing. The shaft should be made 
of an alloy grade steel suitable for roller bearing serv- 
ice, and it must be hardened to 60 Rockwell C min- 
imum if the full load capacity of the bearing is to be 
achieved. If shaft hardness is less than 60 Rockwell 
C, the load capacity of the bearing will be reduced, as 
shown graphically in Fig. 10. Note that a small de- 
crease in hardness produces a material reduction in 
load capacity. If the shaft is casehardened, the case 
must extend below the point of maximum subsurface 
stress in the shaft. Experience has shown that a case 
depth of 0.035-inch for a 1-inch shaft and 0.035-inch 
plus 0.005-inch for each inch of diameter over 1 is 
sufficient in most instances. To assure proper load 
distribution in the bearing, the shaft must be ground 
with a finish equivalent to that used on bearing parts. 

In the event the installation is subjected to high 
temperature differentials, the effects of differéntial 
expansion must be considered. If heat is generated in 
or transmitted to the shaft, it causes the shaft and 
bearing inner race to expand. If the bearing outer 
race and housing do not expand at the same rate, in- 
ternal clearance in the bearing is reduced. This action 
can subject the bearing to a preload which reduces its 
load capacity. In installations of this type, special 
bearings with increased amounts of diametral clear- 
ance should be used. If a shaft is carried on bearings 
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with thrust load capacity and both bearings are fixed 
axially on the shaft and in their housings, differential 
expansion between the shaft and housing can impose 
high thrust loads on the bearings. This condition can 
be eliminated by fixing the shaft at one bearing and 
permitting it to float laterally at the other. 


Selecting the Proper Size: Size of the required bear- 
ing depends on the magnitude and nature of the load, 
speed, and the desired life expectancy. If a bearing 
failure might result in extensive damage to the ma- 
chine or endanger human life, the bearing life ex- 
pectancy should exceed the life expectancy of the 
other elements of the machine. When selecting. life 
values, the fact that catalog life values are based on 
ideal conditions of alignment and lubrication must be 
considered. If these conditions are not ideal in the 
application, service life of the bearings will be reduced 
to a value less than that used in design calculations. 

The most difficult factor to control and evaluate is 
lubrication. In low-speed applications the most com- 
mon lubrication problems affecting bearing perform- 
ance are insufficient lubricant and lubricants contam- 
inated with corrosive or abrasive materials. In high- 
speed applications excessive lubrication can become 
an adverse factor in addition to those listed above. 
Faulty lubrication usually causes the bearing to wear 
by abrasion, and can materially reduce the life of the 
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Fig. 10—On bearings using the shaft as 
the inner race, load capacity decreases 
materially as shaft hardness drops off 
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Fig. 11—Torque characteristics of a cyclically loaded speed reducer. Weighted aver- 
age load values for bearing selection in Table 1 are determined from this graph 
bearing. For average speed 


Available literature covers the selection of bearings 
for applications where speed and load can be assumed 
to be constant, and when this data is properly applied, 
it yields satisfactory results. In general manufactur- 
ers’ literature does not cover the selection of bearings 
for installations where the load or speed vary over 
wide limits in a predetermined manner. If bearing 
selection in this type of installation is based on peak 
load and speed, the bearing will be too large. [If it is 
based on an arithmetical average load, the bearing will 
be too small because bearing life varies with approxi- 
mately the third power of the load. Therefore, the 
bearing selection should ‘be on a weighted average load, 
based on the third power of the instantaneous load 
values. The formulas for the weighted average loads 
and average speeds to be used jn selecting bearings 
for these conditions are: 

For constant speed 
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For variable speed 
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Table 1—Speed-Reducer Shaft Torques 














Slow Slow 
Speed High-Speed Speed High-Speed 
Shaft Shaft ————Shaft Shaft Shaft ————Shaft 
Angle Torque Torque Torque® Angle Torque Torque Torque*® 
(deg) (ib-in.) (Ib-in.) (lb-in.)* (deg) (lb-in.) (Ib-in.) (lb-in.)3 
0 270 54 157,464 190 170 34 39,304 
10 350 70 343,000 200 300 60 216,000 
20 420 84 592,704 210 400 80 512,000 
30 500 100 1,000,000 220 530 106 1,191,016 
40 600 120 1,728,000 230 590 118 1,643,032 
50 720 144 2,985,984 240 670 134 2,406,104 
60 780 156 3,796,416 250 730 146 3,112,136 
70 830 166 4,574,296 260 850 170 4,913,000 
80 830 166 4,574,296 270 890 178 5,639,752 
90 800 160 4,096,000 280 805 161 4,173,281 
100 700 140 2,744,000 290 620 124 1,906,624 
110 450 90 729,000 300 330 66 287,496 
120 180 36 46,656 310 100 20 8000 
130 0 0 0 320 —50 —10 —1000 
140 -100 —20 —8000 330 —80 16 —4096 
150 —120 — 24 —13,824 340 10 02 --8 
160 — 80 —16 —4096 350 200 40 64,000 
170 0 0 0 — 
180 90 18 5832 Total 53,454,369 


Mean cube 1,484,844 
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where P = weighted average load; P,, Ps, P, = load 
acting during time intervals, ¢t,, t., t, at speeds N,, No, 
N,,; ¢ = time interval during which load acts, minutes; 
T = total time interval, minutes; N = speed, rpm. 

To illustrate the application of these formulas, con- 
sider the problem of designing a series of speed re- 
ducers subjected to a cyclic load with characteristics 
defined by the graph in Fig. 11. The speed reducers 
are to have a constant gear ratio of 5 to 1, and they 
are to operate at a constant speed. It is desired to 
determine a weighted average value of torque for use 
in selecting the bearings on the high-speed shaft. 
Since a weighted average value of torque is of interest, 
and speed is constant, the equation for the weighted 
average value of load for a constant speed can be 
modified to suit the problem. The modified equation 
is 





M = ¥ m+ m3+...+m,3 
where M = weighted average torque; and m,, mo, m,, 
= Average values of torque for small equal intervals 
of time. 

Values of the slow-speed shaft torque as determined 
from the curve for 10-degree intervals, the high-speed 
shaft torque, and the cube of the high-speed shaft 
torque are calculated as shown in TABLE 1. Mean vai- 
ue of the cube of the torque for the high-speed shaft is 
1,484,844, and the cube root of this figure is 114. The 
ratio of the weighted average torque to the peak 
torque is 0.642. This factor can be used to modify the 
peak torque loads when bearing loads are calculated, 
and the bearing selection based on this modified load 
will be more realistic than a selection based on thie 
peak torque load. 


They Say... 


“An outstanding characteristic of our civilization 
seems to be almost complete dependence upon inven- 
tions of évery nature; mechanical, electrical, medical, 
electronic, and added to these, daily disclosures of 
every new discovery. Study and planning are of para- 
mount importance if we are to continue in our social 
progress and our material wealth and power.” — 
HAL F. FRUTH, consultant and physicist, H. F. Fruth 
& Associates. 
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Modifying 


Starwheel Mechanisms 


. . - to improve high-speed proper- 
ties and provide versatile operation 


ECHANISMS for intermittent motion are 
M among the most usefu] devices available to 

designers. They have accordingly been the 
object of much investigation; perhaps the most no- 
table recent contribution is the critical survey of in- 
termittent mechanisms by Otto Lichtwitz.1 Although 
these mechanisms have great utility, some of them 
are severely limited with respect to their kinematic 
properties which are dictated by geometry rather 
than the designer’s wishes. Thus, Geneva and star- 
wheel mechanisms may sometimes not be suited to 
applications involving high speeds or large masses or 
to machines requiring accuracy and smoothness of 
operation. 

Since, as Lichtwitz points out, the most versatile of 
the intermittent mechanisms is the starwheel type, it 
will be the specific subject of discussion here on how 
kinematic properties can be modified and improved. 


Overcoming Limitations: In designing a basic star- 





* References are tabulated at end of article. 
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wheel mechanism, the designer has control over only 
one factor—the ratio of the pitch radii of the two 
uniform-motion portion gears. This ratio is selected 
to give either a certain desired velocity or a certain 
time interva] for indexing through a certain distance. 

Choice of this single factor for the basic starwheel 
alsa sets the kinematic characteristics. This simul- 
taneous restriction results from the specification for 
the standard starwheel mechanism, Fig. la, that a 
uniform-width slot and mating roller shall be used 
for the nonuniform-motion portion of the cycle. To 
suit exit requirements for this condition, the slot 
takes the path of an epicycloid which gives inherently 
unfavorable kinematic properties. A relatively high 
acceleration is instantly applied at the start of mo- 
tion, or in other words, it is the equivalent of a cam 
having infinite “jerk” (third derivative of displace- 
ment). 

The restricting effect of the epicycloid can be elim- 
inated only if some physical change is made in the 
arrangement of parts to permit the choice or specifi- 
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cation of different cam-like surfaces. Such modifica- 
tion has been made by Harris-Seybold on starwheel 
mechanisms employed in printing press drives. 

The solution, Fig. 1b, is separation of the sides of 
the slot into two cam surfaces—one on the driving 
member and one on the driven member. Correspond- 
ingly, two rollers are used, one for each of the driving 
and driven members. 

As Fig. 1b shows, the drive roller on the driving 
member and the drive cam on the driven member are, 
to all appearances, equivalent to the roller and slot 
of the basic starwheel, Fig. la. However, the drive 
roller engages in the driven member on the drive cam 
and has clearance with the other side of the slot. 
Positive engagement, therefore, is the only function 
of the added control roller on the driven member and 
the control cam on the driving member. 

With these provisions, the cam surfaces may take 
almost any prescribed form. In fact, there is now the 
opportunity to treat the speed changing portion of 
the starwheel as though it were a regular cam and 
follower system. 




































Motion Patterns: Somewhat more flexible in appli- 
cation than the basic mechanism, the modified star- 
wheel can more easily be employed to produce three 
principal patterns of motion: 

1. Unidirectional-stopping—the standard type for use 
where the standstill period is required to suit the 
function of the machine. 

2. Unidirectional-nonstopping—for use where a stand- 
still is not required. The lock is eliminated, and 
acceleration is reduced or more uniform-motion 
periods can be used. 

3. Bidirectional—for use where oscillating motions 
are required, such as to provide for the recipro- 
cation of another member. 


Although simple indexing problems are not in- 
cluded in this discussion, such applications can also 
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be treated by the methods outlined here if only a few 
stations are involved. 


Motion Pattern Applications: Examples of all three 
motion patterns are found among the various litho- 
graphic offset and typographic presses manufactured 
by Harris-Seybold. 

A modified starwheel for unidirectional-stopping ac- 
tion is shown in Fig. 2. Here the mechanism drives 
a 12-inch cylinder weighing approximately 1000 
pounds at an average velocity of 100 rpm with one 
standstill period for each revolution. The velocity of 
this cylinder during its uniform-motion period is 175 
rpm. No wear of the cam surfaces has been noted 
after three years of operation. 

The bidirectional pattern is applied in another press 
for driving a reciprocating 185-pound carriage at 
about 110 cycles per minute. Travel is at a uniform 
rate for 12 inches; stopping and starting during re- 
versal occupy an additional 3 inches at each end. De- 
sign and operation of the bidirectional mechanism are 
depicted in Fig. 3. Two identical drivers rotate in op- 
posite directions and alternately drive a single driven 
member by means of separate cams and rollers. 

Each of the acceleration and deceleration periods 
occupies 45 degrees of driver rotation. Single-crank 
mechanisms used for reciprocation provide only 30 
degrees for accelerations or decelerations which are 
of inversely greater magnitude. With more compli- 
cated and cumbersome double-crank mechanisms, 4 
45-degree acceleration period can be obtained but 
kinematic properties cannot be favorably manipulated. 
Such crank mechanisms also take up more space than 
a starwheel. 

Where an intermittent motion is desired but stop- 
ping is not necessary, the modified unidirectional non- 
stopping starwheel is especially appropriate. Advan- 
tage is gained, of course, because the change in ve- 
locity is reduced. That is, acceleration’ is reduced if 
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the period of time allowed for the operation remains 
the same. The nonstopping design also eliminates the 
locking device normally required with mechanisms 
having standstill periods. Such a design for a press 
is shown in Fig. 4. In this case, the system can be 
thought of as a two speed transmission with an auto- 
matic shift of a positive order being provided by 
the starwheel. 

A fact giving an added note on the practical ap- 
plication of these mechanisms is that a tolerance of 
+0.001 inch is maintained in the register of sheets 
handled by the starwheel-driven cylinders. Some 
features of these mechanisms, incidentally, are the 
subjects of patents assigned to Harris-Seybold. 

























Limitations and Advantages: By comparison with 
standard starwheels, those of modified design require 
consideration of certain restricting conditions: 











1. Just as for standard starwheels, a minor problem 
is provision of clearance between cams and rollers 
during uniform-motion periods. This factor does 
not necessarily limit the form of the cam but it 
may curtail the period allowable for cam and 
roller action. 

2. Radii swept by both components of the modified 
drive are greater than those required by the basic 
starwheel. 

3. Number of stations possible is limited by the in- 

creased time and space required by the nonuniform 

motion action and components. 





















The outstanding advantage of the modified star- 
wheel is the designer’s opportunity to select a cam 


Fig. 3—Bidirectional starwheel mechanism for provid- 
ing reciprocating motion. The two identical members 
rotate continuously in opposite directions, alternately 
driving the driven member. Sequence photos show 
transition from: a, reverse deceleration to forward ac- 
celeration; 6, forward acceleration to forward uniform 
speed; c, forward uniform speed to forward decelera- 
tion; d, forward deceleration to reverse acceleration 
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function that gives a desired result rather than to be 
forced to accept a constricting condition. Being able 
to control the manner in which velocity is altered, the 
designer can minimize acceleration and thus inertia 
loads. The process, of course, involves selection of 
the desired acceleration characteristics and design of 
the cam profiles by integration of the acceleration 
function. 


Design: With kinematic objectives in sight, instead 
of only the geometry of action, elements to be con- 
sidered in design are: 

1. Time that can be allotted to the acceleration por- 

tion of the cycle. 

2. Velocities desired at both ends of the acceleration 

period. 








Fig. 4—Unidirectional non- 
stopping starwheel mech- 
anism for slowing instead 
of stopping the driven mem- 
ber. The cams and rollers 
provide, in effect, an auto- 
matic positive shift between 
two uniform-velocity stages 


Fig. 5 — Trapezoidal acceleration dia- 
gram employed with the modified star 
wheel designs 
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Table 1—Equations for Trapezoidal Profile 
T 
From ty = 0, to ty = ——— (see Fig. 5): 
n 

ao l kt 

t2 
Vo i k —— T Vo 

ts 
8o_1 k —— + vot + 8 

6 

y a (@ — i) 

From t,; = —— to t2 = ——————__: 

n n 
@1-2 = k —— 

n 

[2 

V1.2 k t k —_-—_-~ Tv Vo 

n 2 n2 

k ! t2—t ( k - ) i 

8).2 = —— t? — —wv +k- + 8 
2n 2n2 ' 6n8 , 





















Tie — 1) 
From t; = —— tot; = T: 
n 
a2.3 = ut — ket 
V2-3 = kTt — t2 — k ———. (n* — 2n + 2) + vo 
2n? 
T k [ kT2(n? — 2n + 2) 
80.3 — k —t? — —-t®-t —~vy | + 
- 6 2n2 
kT? 
—— ("2 — Sn + 3) + & 
6n2 


Other relationships: 











” n2(v3 — Vo) 
$2 (m—1)_ 
&3 = . ys (vg + Vo) 
(s), =*=-() 
dt? Jy, ; dt® /5.3 
T n(v3 — Vo) 
amar = A-2 = k a 
n (a ~- 1) F 


MACHINE DESIGN—April 1953 































3. Displacement range over which the acceleration 
may occur. 

4. Minimum peak acceleration. 

5. Minimum peak jerk2 with due consideration for 
its effect on peak acceleration and for inherent 
susceptibility of the machine to vibration. 


Any desired acceleration function may be used, 
but for the purposes of this discussion a trapezoidal 
acceleration curve of the type shown in Fig. 5 will be 
developed and applied to several examples. This form 
has been adopted in recent designs by Harris-Seybold 
because the trapezoidal curve (1) approaches the con- 
stant-acceleration type profile in yielding low peak 
acceleration, and (2) provides finite jerk throughout 
the range of cam action. This approach has been 
further substantiated by Neklutin.* 

As Fig. 5 shows, t represents any time within the 
event, 7, the total time period. The fractional parts 
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of T marking the four points at which the jerk, k, 
changes (ty, t,, ts, ts) are controlled by n, an arbi- 
trary factor which can be altered to change the value 
of peak acceleration. Displacement shall be repre- 
sented by s, velocity by v, and constant jerk (the 
sloped regions of the acceleration diagram) by k. 
Equations for the three portions of the acceleration 
diagram, Fig. 5, can be easily developed, and then 
successively integrated to give velocity and displace- 
ment. The results are shown in TABLE 1 and are ap- 
plicable, of course, to a variety of cam types. 


Comparisons: The starwheel shown in Fig. 2 serves 
well as the basis for a number of comparative inves- 
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tigations. This mechanism consists of a 21-inch di- 
ameter driving member and a 12-inch driven member. 
For the first calculation, the driven cylinder shall be 
accelerated from standstill, v» = 0, to the surface 
velocity of the driving cylinder. Or, with degrees 
used as the time base, v; = 217/360 = 0.1833 in. per 
deg. The total period shall be assumed to be T = 36 
deg, and the divisions of the event shall be appor- 
tioned according to n = 6. 

Then, by the equations in TABLE 1, points can be 
calculated and the curves in Fig. 6a plotted. Also 
from TABLE 1, k = 0.001018 in. per deg’, a,,,, = 
0.006108 in. per deg?, and s, = 3.298 inches or 31.49 
deg. 

The same mechanism, except that it shall be of 
the nonstopping type, can next be investigated. As- 
sume that vy = 0.40 vs = 0.40 (0.1833) = 0.0733 in. 
per deg. Plotted results are shown in Fig. 6b, and the 
comparative data are k = 0.000611 in. per deg*, s, = 
4.619 inches, and a,,,,. = 0.00367 in. per deg?. Accel- 
eration for the nonstopping mechanism, thus, is 40 
per cent less than that for the standstill design. 

These two designs are next compared with a cor- 
responding basic starwheel. The complete index to 
properties of the basic starwheel, according to the 
nomenclature employed by Lichtwitz, is provided by 


« 2 
ip 10 neenbne 
vr; 

By use of equations or the table of values presented 
by Lichtwitz for external starwheels', results can be 
readily obtained in units of radians and seconds. 
These results, converted to the units used here, are 
plotted in Fig. 6c. Pertinent comparative data in 
terms of the two nomenclatures, are: T = a, = 21 
deg, 8; = Bo = 2.29 inches, ag = (d?8/da?)_a = 
0.0106 in. per deg?, and 4,,,, (d28/da?) maz = 
0.0117 in. per deg?. 

These examples show that the maximum accelera- 
tion for the basic starwheel is 92 per cent higher than 
that for the modified stopping mechanism, and 219 
per cent higher than that for the modified nonstopping 
system. The designs might also be compared on an- 
other basis. If all these mechanisms were to drive 








Drive cam pitch surfoce 


Driven 





Drive roller 








the same member with a given maximum torque, the 
driving speeds possible with the three mechanisms 
would be comparatively as follows: For the modified 
stopping design, 78; for the modified nonstopping de- 
sign, 100; and for the basic starwheel, 56. 


Cam Geometry: Foregoing discussion has been al- 
most entirely confined to the kinematics of the sub- 
ject, but execution of the profiles that will give such 
improved results remains now as a simple problem 
in geometry. 

Polar or rectangular co-ordinates are usually the 
best means of defining cam contours that are to be 
step milled—the method employed in the cutting of 
the drive and control cams used in starwheel mech- 
anisms. Since the diameter of the milling cutter is 
normally the same diameter as the follower roller, 
the path of the roller center (or cutter center) is 
usually defined by the co-ordinates. The method em- 
ployed at Harris-Seybold for calculating polar ¢« 
ordinates of this path—tthe pitch surface of the cam— 
is summarized here. 

In Fig. 7, the initial position and a later displaced 
position are shown for the driving and driven mem- 
bers. Path of the driving roller is arc AD’ about 
center B. Its rotational speed is constant, and its 
position ¢ is measured from starting line AB, which 
thus is t). The total arc of action is 8); if “time” is 
based on rotational angle, By = T. Factors ¢ and T 
have already been defined in reference to Fig. 5 and 
TABLE 1. 


Table 2—Calculation of Drive Cam 



















Polar co-ordinates (see Fig. 7): 


ag=p +s’ 





ls = V r;* + a* — 2r, a cos B 


Auxiliary relationships: 


rT; sin B 





p= tan-! - 





a—r,cosp 


Fig. 7—Geometry of 
the drive cam 
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As the drive roller moves from position A to A’, 
the cam pitch surface provides displacement angle 3s’ 
of the driven member. Correspondingly, the contact 
of the roller center moves from A (the initial effec- 
tive point of the cam pitch surface) along the pitch 
surface to point A”. The terminus of action is point 
D on the driven pitch surface, and point D’ is the 
final location of the drive roller. 

Polar co-ordinates of point A” on the driven pitch 
surface are angle a. and radius /,. Equations for the 
co-ordinates and required supplementary relation- 
ships are given in TABLE 2. 

Profile of the control cam is developed according 
to Fig. 8 and TABLE 3. Although components in Fig. 
8 have the same relative placement as in Fig. 7, action 
is most conveniently depicted if the driving mechan- 
ism is considered to be rotating about center C of the 
driven member. That is, for an increment of dis- 
placement, center B of the driying member revolves 
about point C to point B’. 

Angle ¢» is arbitrarily selected, although choice is 
influenced by clearance require between control and 
drive rollers when the drive roller is situated at D. 
In action, as the center of rotation of the driving 
member moves from B to B’, equivalent to rotation of 
driving and driven members, the control roller center, 
in effect, generates the pitch surface of the control 
cam according to the displacement function already 
dictated by design of the drive elements. 

As shown in Fig. 8, the control cam pitch surface 
moves from its initial position to that noted by the 









Table 3—Calculation of Control Cam 






















Polar co-ordinates (see Fig. 8): 
ay = B _— 6 


, = T2 sin ¢ 
pS geese 
sin ¢ 


Auxiliary relationships (also see TABLE 2) : 


To sin ¢ 
6 = tan-? ——_______ 
a@ — T2COS > 
$= ¢ —ag+p 









Fig. 8—Geometry of 
the control cam 





Control roller 
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dashed construction. The properties that serve as co- 
ordinates for the location of point FE on the control 
cam pitch surface are angle g, and radius 1,. Angle 
a, has a starting or initial value a,» with its apex at 
origin B; its value a, after rotation is measured from 
origin B’, etc. 

“Timing” of the drive and control cam surface is 
automatically controlled by the use of co-ordinate 
data from the drive cam in the calculations for the 
control cam. 

In the step milling of cam profiles, cuts should be 
closely enough spaced to permit accurate results with 
minimum filing or hand dressing between cuts. Pe- 
ripheral increments of 0.08 to 0.10-inch have proved 
satisfactory in the range of sizes shown by the fore- 
going examples. 


Other Possibilities: With acceptance of the idea that 
mechanisms such as starwheels need not be restricted 
in design to their classic forms, a number of worth- 
while possibilities become available. Design for al- 
tered kinematic properties can take almost any path. 
Even the recently announced “polydyne”’ principles* 
can be applied if circumstances warrant. 

Also, certain previous geometric limitations can be 
modified so that various hybrid designs can be devel- 
oped. That is, several of the motion patterns dis- 
cussed here might be combined in a single design. 
These hybrid or integrated designs are worthwhile 
because they simultaneously eliminate other auxiliary 
mechanism systems, and often provide improved con- 
trol of inertia loads. 
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MATIC SPACING CONTROL 


... for paper cutter provides high accuracy at low 
cost with electric clutches and planetary gearing 


MPROVED performance and lower cost are de- 
sign objectives that are all the more worthwhile 
if they can be realized simultaneously. Both these 

objectives were met in the drive and control system 
for the automatic spacing feature of the Harris- 
Seybold paper cutter discussed in this article. The 
design illustrates well how modern mechanical and 
electrical components can be coupled through a com- 
prehensive control system to produce a sound design. 
The purpose of the auto-spacer facility is to provide 
a certain degree of automaticity in the repetitive cut- 
ting of paper products. The stack of paper to be 
cut is loaded on the table to the rear of the machine 
and pushed into cutting position by a lead-screw 
driven back gage. Speed of advance of the back gage 
is sharply reduced as the stack approaches the cut- 
ting position, and advance is terminated automatically 
when the preselected position is reached. Descent of 
the knife, powered by a separate motor, is manually 
controlled by the operator. The control system also 
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Part of the drive unit showing the planetary 
gearing, the high-speed clutch, and the belt 
drive to the back gage lead screw. A two- 
speed reversible motor supplies 1100 rpm 
for high and low-speed forward travel, 1700 
rpm for reverse travel through the high- 
speed clutch. Corresponding traverse speeds 
of the back gage are 28.5 fpm forward, 0.6 
fpm forward, and 43 fpm reverse 
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provides for pushbutton operation of the back gage 
on two speeds forward and one speed reverse for 
short jobs set up for cutting to a line rather than for 
automatic spacing of cuts. 

In earlier models the high-speed traverse was pro- 
vided through spiral-bevel reduction gearing; low 
speed was provided by a chain-driven worm-reduction 
pair. Speed shift was controlled by a solenoid-oper- 
ated jaw clutch. Replacement of this design by the 
system depicted in the accompanying illustrations 
proved beneficial in the following respects: increased 
speed of operation, elimination of noise, greater ac- 
curacy of positioning, and reduction in cost. 

Both the drive and control phases of the new model 
reflect sound engineering. The planetary gearing 
yields a high reduction in small space with relatively 


Auto-spacer stop system showing contact head, 
which is cabled to the back gage, and the adjust- 
able spacing stops. Housing and front roller on 
central stop are removed to show details. Con- 
tact estahlished by the L-shaped member causes 
shift fron: high to low-speed traverse of the back 
gage. Low-speed traverse is cut off when the 
contact shoes are positioned on the roller. Posi- 
tioning tolerance is maintained within a few 
thousandths of an inch 


























AUTOMATIC SPACING CONTROL 


simple and inexpensive components. The electric 
clutches, employed at only a fraction of their rating, 
give rapid response, long life and nearly silent opera- 
tion. The low-speed clutch, besides its drive func- 
tion, also serves as a brake against the inertia during 
transition from high to low speed. The electromag- 
netic operation of the clutches is well adapted to the 
electric control system which provides for opera- 
tional flexibility and safety. 

This machine also demonstrates a principle which 
is a growing factor in effective engineering design— 
the collaboration of manufacturers of both original 
equipment and standard components. In this case, 
both Cutler Hammer Inc. and the Warner Electric 
Brake and Clutch Co. co-operated with Harris-Sey- 
bold in the development of the design. 


Simplified diagram of control system. Details of op- 
eration are: 
Automatic Control 
ae 3 Matias a on 7") oa 1. Press Fast pushbutton. Contactor F is energized, 
a _~2 3 ear holds by contact, and energizes For contactor. Motor 


a, oe Sen wr 2A 8S - low-speed winding (1100 rpm) is connected to line and 
) Ee ig oa io yer : motor runs at that speed forward. Contacts of For and 
ay ' of F energize high-speed clutch and back gage moves 

forward at fast rate. 
2. Adjustable stop roller on machine makes circuit be- 
tween contact shoes A and B. Contactor S is ener- 
gized and holds by contact through resistor. Contactor 
F is de-energized by opening of normally closed con- 
tact of S. Contactor For remains energized through con- 
tact of S and motor continues to run forward, now at 
low — High-speed clutch is de-energized by open- 
ing of F and slow-speed clutch is energized by closing 
of S. Back gage continues forward travel at slow speed. 
3. Adjustable stop roller, which caused slowdown. 
makes circuit between contact shoes B and C. Coil of 
contactor § is short-circuited and contactor S$ opens. 
Contactor For is de-energized and opens to disconnect 
the motor. Low-speed clutch is de-energized and back- 
gage movement stops. 
4. Sequence of operation through stages 1 to 3 is re- 
peated in the forward direction for all preset stops. 
5. At end of forward movement or after the last au- 
tomatic stop, press Reverse pushbutton. Contactor Rev 
is energized and holds by contact. Motor high-speed 
winding (1700 rpm) is connected to line and motor 
runs at that speed reverse. Contact of Rev energizes 
Fast clutch and back gage returns at high speed. 
Manual Control 
Forward or reverse operation can be stopped at an) 
time by pressing Stop pushbotton. Motor and clutches 
are immediately de-energized by opening of all con- 
tactors. Immediate shift from one speed to another. 
forward or reverse, is obtained by pressing the push. 
button for the desired speed. 
Safety Features . 
Forward limit switch prevents forward overtravel of 
back gage. Reverse limit switch prevents reverse ovet- 
travel. Relays prevent damage to motor if overload 
condition arises. Control circuit is low voltage with one 
side of transformer secondary winding grounded 
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TRESS conditions in a multiple-layer grooved rope 
drum are complex. However, if the drum is as- 
sumed to be a cylindrical shell with uniform wall 

thickness, calculation of stress components is possible. 
Loads acting on the drum body are readily analyzed 
and stress components and collapsing pressure are 
expressed in terms of drum dimensions, load and ma- 
terial properties. Based on dimensionless grouping 
of the variables, charts can be constructed for rapid 
calculation. A simplified design procedure employing 
these charts is presented in this article. 


Fig. 1—Load-analysis diagrams for hoisting drum shell 
showing action of axial force F, external pressure P,, 
and rope tension T 
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Drum Loads: From an analysis of Fig. 1, stresses 
induced in the hoisting drum shell are the result of 
loads imposed by: 


1. External pressure (P,) from coiling of ropes un- 
der tension. 

2. Axial force (F), in multiple-layer drums from lat- 
eral pressure on the drum flanges caused by the 
pressure of the outer rope layers on the inner 
layers. 

3. Bending moment from rope tension. 

4. Torsional moment from rope tension. 


External pressure can be calculated from 


2KT 
pD 


(1) 





P, = 


Symbols are defined in the Nomenclature and Figs. 
1, 2, and 3. In Equation 1 K is a constant dependent 
on the number of rope layers and has the values given 
in TABLE 1. The outer rope coils exert pressure on 
the inner coils and cause relaxation of part of the 
inner tension. Thus, the total tension for the purpose 
of pressure calculation is KT in lieu of nT.1 

The magnitudes of axial force, maximum bending 
moment and maximum torque depend on the drum 
and rope arrangement. Axial force can be generally 
expressed by 


fr So boas Osc bh cp cen) Avan eh eee (2) 


where C is a constant dependent on the arrangement 
of rope layers on a multiple-layer rope drum. For 
single layer drums C = 0, while from TABLE 1, K = 1. 
For more than one layer, the method described by 
Waters! can be used. 

The maximum bending moment due to rope tension 
can be established from the drum layout, which is 
shown in Fig. 2 for two of the most frequently used 


1 References are tabulated at end of article. 
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Table 1—Values of Constants 








Number of Rope Layers Constants 
n k* 
1 1 1 
2 2.7 1.75 
3 4.4 2.0 
4 6.1 2.25 





*Values given refer to close-coiled ropes; however, the 
error for grooved drums is on the safe side. 


arrangements. In Fig. 2a, 
Tl 
ee ee «i: Sia 
4 


and in Fig. 2b, 
M, — Tl, . (4) 


The additional bending moment caused by the distrib- 
uted weight of the drum is usually small compared to 
the maximum and can be neglected. 

Maximum torsional moment for the arrangement in 
Fig. 2a is 


T(D + kd) 
i, = ——_—_— i (5) 
2 
In Fig. 2b, 
M, = T(D + kd) (6) 


where k is a function of the number of rope layers 
and has the values listed in TABLE 1. 


Stress Components and Collapsing Pressure: From 
Fig. 3, based on the assumption that the maximum 
bending and twisting moments occur at the same sec- 
tion, the stresses on small elements of the drum shell 
at points o and i on the outside and inside surfaces, 
respectively, can be expressed as follows. 

Axial stress is constant across the section, giving 


CKT 


& = 
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CKT 1 
ll ciniqniaemnineniiinen (7) 
q D2 t ( t 
a Pe ——) 
D D 
Tangential compressive stresses are 
2P, D2 
cs -—- - 
t 2 
p: - (p-2-_) 
D 
P, 1 8 
= —| — (8) 
2 t ( t ) 
———— + . 
D D 
m= [a4 (1-24)'] 
ee y —) ——o ( 
2 D 9) 
For the radial stresses, s,, — 0 and 
8. = — P, (10) 
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Fig. 2—Layouts for determining bending and torsional 
moments of the two typical drum and rope systems 


Bending stresses are 











M, M, 
8 = —_ = — - (11) 
Zy wl t \4 
1-— ( 1-3—— 
32 D 
(1 _ ) (12) 
Spi = 8d0 —- —- ifr Spi a sms he rae Me 
b b D 
Torsional shear stresses are 
M; mM; 
en (13) 
Z 2 Zp 
2t 
8.5 = S80 _——— >a (14) 


Collapsing pressure is a function of the elastic mod- 
ulus E and the ratios t/D and 1/D. For intermediate 
lengths the following equation gives good agreement 
with experimental? results: 


26By(—)° 





P, = (15) 
t 
—-— 0.457 — 
D 
For long lengths: 
2Ez t 8 
ing t LY ae) 
1.27(1 — pz?) D 


Equation 16 is a theoretical value for perfect long 
cylinders with 27 per cent imperfection allowance. 


Design Procedure: Failure of the drum shell may 
be due to excessive combined stresses or collapse un- 
der external pressure. 

To limit stresses to safe values, suitable failure cri- 
teria are used in which some combination of the prin- 
cipal stresses is compared with the mechanical 
strength of the material. Collapse, on the other hand, 
is avoided by limiting the external pressure to a frac- 
tion of the collapsing pressure: P, = P,/N, 

The usually accepted practice in hoisting drum de- 
sign involves the following steps: 


1. Select rope diameter d from tables comparing 
rope strength to rope diameter, rope flexibility 
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Fig. 3—Free-body diagrams for deriving stresses at in- 
ner and outer surfaces of drum shell 


and wire material for a breaking load of NT 
pounds. The factor N usually takes care of stat- 
ic, acceleration and bending loads. 

2. Determine the drum diameter D as a multiple of 
d according to the strength and flexibility of rope. 

3. Determine pitch of winding p. 

4. Determine length of drum / from the required 
length of rope, pitch and layout. 

5. Determine k and K from TABLE 1 for the desired 
number of layers n. 

6. Determine the maximum bending moment M, and 
the maximum torque M, from the drum layout 
and rope arrangement. 


Thus, for an established layout d, T, D, L, k, K, C, 
M,, and M, are known and the design is completed by 
establishing a suitable wall thickness ¢ for the drum. 
With the aid of Figs. 4, 5, and 6 the preliminary es- 
timate of t and the calculation of stress components 
and collapsing pressure are greatly simplified. 

In Fig. 4, values have been plotted for 


1 
A= (17) 


ep 


as a function of t/D. 
The chart in Fig. 5 provides values of 





P, (106 N,. P, (108 
P= pineal = (10") ere 
E E 





as a function of t/D and I/D, assuming » = 0.3 for 
Steel and cast iron. Thus, 


t \5 
2.6 (106) ¥(—) 
D 


P= — rere 23 ea 
l t 
— - 0454 
D D 
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D 
Finally, Fig. 6 facilitates the calculation of the sec- 
tional modulus Z,, providing values for 


a D8 


2t \4 
[1-(1-—)']. iy etacate ea 
32 D 


as a function of t/D and D. 

The following procedure, which uses the maximum 
stress theory for cast iron and the maximum shear 
theory for mild steel rope drums, is recommended. 
Tangential compressive stress caused by P, is invari- 
ably the numerically largest stress; hence, a first 
selection of ¢t for strength can be obtained by calculat- 


ing 





2 84a 
P, 


A= (22) 





and obtaining the corresponding t/D = a, ratio from 
Fig. 4. Also, from Fig. 5 another value, t/D = a, 
is obtained which corresponds to P and 1/D, as the 
criterion for collapse. Using the larger a value of 


Fig. 4—Chart for determining values 
of t/D on the basis of strength 









8 


8 


Strength Factor, A 
+ a 
a 


004 O06 dl 


0002 0004 0006 QOl 002 








Thickness-Diameter Ratio, 4/0 





267 





DATA SHEET Fig. 5—Chart for determining values of 
t/D on the basis of collapsing pressure 
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the two a value for the wall thickness, t>Da, is 


selected. 

To simplify calculations, the value of s, is used 
for s, instead of s,, and the stress components at the 
highest stressed points are calculated. The t/D ratio 
is calculated first from the previously selected value 
of the wall thickness. Then from Fig. 4, a value A, 
corresponding to this t/D ratio is obtained. Values 
for Z, and Z; = 2 Z, are obtained from Fig. 6. The 
stress components thus are: 








_ CKTA, in 
P, A; 
= - r ah, (4, Ce ae Be oe. (24) 
s = —P,... § is cadehs eek nn 
M 
ee 2 eee a cme Aa (26) 
Z» 
M 
.-. oa baci ee _.. (27) 
Zt 


Total normal stress in the axial direction is 


Nomenclature 





C,K,k = Constants 
= Diameter of wire rope, inches 
= Outside diameter of rope drum, measured 
at base of innermost rope layer, inches 
E = Young’s modulus of elasticity, psi 
F = Axial force in multiple-layer drums, pounds 
i,o = Subscript notations for inner and outer 
drum surfaces, respectively 
l= Length of drum between end supports, 
inches 
= Maximum bending moment and maximum 
torque, respectively, pound-inches 
n = Number of rope layers 


N,N. = Service and collapse safety factors, respec- 
tively 
p = Pitch of rope winding, inches 
P. = Collapsing pressure for drum shell, psi 
P, = External drum pressure from coiling of 


rope, psi 

Axial stress in drum shell, psi 

Maximum bending stress in drum shell, psi 
8. = Maximum tangential compressive stress in 
drum shell, psi 

Permissible design stress in compression, psi 
Radial stress in drum shell, psi 

Maximum torsional shear stress in drum 


Heil 


_ 
Hou il 


shell, psi 
8, = Total normal stress parallel to drum axis, 
psi 
8}, 82, 83 = Principal stresses, psi 
t = Wall thickness of drum body, inches 
T = Design value of rope tension, pounds 
Z,, Z, = Section moduli in bending and torsion, re- 


spectively, inches® 
“= Poisson’s ratio 
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8; = 8, + Sp re . ; (28) 


and the principal stresses are: 











8 +8 &. ~- 6 2 
= + ff SS.) + 3,2 429) 
2 2 
82 + 8, Se & ~ 
8. = ———__ - ¥(—= ) + 8,2 (30) 
3 2 
%& = = — P, . ° (31) 


The stresses, s; and s, can be easily established by 
Mohr’s stress circle, Fig. 7. 

The selected value of ¢ is considered satisfactory 
if for cast iron drums s, = permissible design stress 
in tension and s. = permissible design stress in com- 
pression. For mild steel drums the necessary con- 
dition is s;—s, = permissible design stress for mild 
steel. 

In most practical cases of crane design s, and 8, 
are very small compared to the other stresses and 
the previous criteria simplify to: s, = permissible 
design stress in tension, s, <= permissible design 
stress in compression for cast iron and s,—s, = per- 
missible design stress for mild steel. 


Examples: The procedure outlined and the use of 
the calculation charts are further illustrated by the 
following examples. No allowance has been made in 
the examples for impact effects and wear; one ton = 
2000 pounds. 

EXAMPLE 1: Design a 27-ton auxiliary hoist drum 
for a 135-ton electric overhead travelling power 
house crane. 

Hoist Requirements: Height of lift is 100 ft with 
8 falls of rope, 2 ropes leading from drum (Fig. 2b). 
Rope factor of safety is 6. Drum material is cast 
iron: E = 15 x 10® psi, tensile and shear strength 
— 35,000 psi, compressive strength = 135,000 psi. 

Drum Dimensions: Load in each rope is T = 28/8 
— 3.5 tons, assuming weight of fall block and rope 
as 1 ton. Guaranteed strength of rope must not be 
less than 6 (3.5) = 21 tons. If a 6/37 rope con- 
struction of plow steel wire is used, a 2.5-in. circum- 
ference rope will be satisfactory and d = 13/16 in., 
p = 15/16 in. Drum diameter is not to be less than 
19d; thus D = 20.188 in. will be acceptable. 

For a 100-ft lift the number of grooves, allowing 
for anchorage and one spare groove, will be 77. 
Grooved length at each end of drum = 77 (15)/16 = 
72 in. and, allowing 18 in. between the grooved ends, 
the total length of drum is 7 = 162 in. = 13 ft 6 in. 

Drum Thickness: From Equation 1, considering 
compressive tangential stress, the pressure on the 
drum is 


2(1) (7000) 
0.937 (20.188) 
For a factor of safety of 5, s, = 135,000/5 = 27,000 


psi. From Equation 22, A = 2 (27,000)/740 = 73. 
From Fig. 4, he = 0.015 and¢t = a; D + 1/16 = 0.365 


= 740 psi 





e-— 
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Fig. 6—Chart for determining values of sec- 
tion moduli in bending and torsion (Z;=2Z,) 
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in. or preferably, % in. 


From the criterion for collapse, 1/D = 162/20.188 


= 8.04. With N, = 5, from Equation 18 


5 (740) (106) 
15 X 106 





= 246.7 psi 


From Fig. 5, a. = 0.053 and thus t = 0.053 (20.188) 
=1.07 or 1% in. In this example, the criterion to resist 
collapse determines the drum thickness, provided the 
combined tangential and bending stresses are within 
allowable limits. 

Combined Stresses: From Fig. 4 with t/D = 
1.125/20.188 = 0.056, A; = 19. From Equation 24, 
8s, = 740 (19)/2 = 7040 psi. From Equation 4, 
M, = 7000 (72) = 504,000 lb-in. From Fig. 6, Z, 
= 300 in.* and from Equation 26, s, = 504,000/300 
= 1680 psi. Since the material is cast iron, the maxi- 
mum stress theory is applied, giving a factor of safety 
of 135,000/7040 = 19.2 in compression and 35,000/ 
1680 = 20.8 in tension. This indicates that a lower 
grade cast iron would be satisfactory for the drum, 
increasing the economy of the design. 

EXAMPLE 2: Design the hoisting drum for a 6%4- 
ton jib crane for cargo handling. 

Hoist Requirements: Height of lift is 172 ft with 
a single fall of rope (Fig. 2a). Rope factor of safety 
is 7. Drum material is cast iron: EH = 12 x 10® psi, 
tensile strength = 20,000 psi, compressive strength 
= 100,000 psi. 

Drum Dimensions: Load in the rope is T = 6.5 
(2000) = 13,000 lb. The rope must have a guaran- 
teed strength of 6.5 (7) = 45.5 tons. A 6/37 rope 
construction of mild plow steel will be used: circum- 
ference = 3% in., d = 1.25 in. p = 1.5 in. The 
minimum drum diameter of 19d is satisfied by D = 
28.75 in. The number of grooves for a 172-ft. lift 
will be 26, allowing 3 grooves for anchorage and 
one spare groove. Length of drum is 1 = 26 (1.5) 
= 39 in. 

Drum Thickness: From Equation 1, considering 
compressive tangential stress and using N = 5, 

2(1) (13,000) 


P, = = 604 psi 
1.5 (28.75) 





Fig. 7—Principal stress determina- 
tion from Mohr’s stress circle 








| ey 
Ss 
! : 
Ss | ol 











MACHINE DESIGN—April 1953 


HOISTING DRUMS 


Also, s, = 100,000/5 = 20,000 psi and from Equation 
22, A = 40,000/604 = 66. From Fig. 4, a, = 0.0155 
and t¢ = 0.0155 (28.75) + 0.063 = \% in. approxi- 
mately. 

From the criterion for safety against collapse, 1/D 
= 1.36. From Equation 18, with N, = 5, 

P= ats ann hi = 252 psi 
12 X 106 
From Fig. 5, a. = 0.027, giving t = 0.027 (28.75) 
= 0.775 in. or preferably, 13/16 in. 

Combined Stresses: From Fig. 4, with t/D = 13/16 
(28.75) = 0.028, A, = 38. Also, s, = 38 (604)/2 = 
11,480 psi. From Equation 3, M, = 13,000 (39) /4 
= 126,800 lb-in. From Fig. 6, Z, = 480 in.? and from 
Equation 26, s, = 126,800/480 = 264 psi. From the 
maximum stress theory, the factor of safety in com- 
pression is 100,000/11,480 = 8.72 and in tension 
20,000/264 = 75.8. 

EXAMPLE 3: Design the main hoist drum on an 11- 
ton overhead travelling electric crane. 

Hoist Requirements: Height of lift is 54 ft with 4 
falls of rope, 2 ropes leading from drum (Fig. 2b). 
Rope factor of safety is 7. Drum material is mild 
steel: E = 30 x 10® psi, tensile and compressive 
strength = 60,000 psi, shear strength = 45,000 psi. 

Drum Dimensions: Load in the rope is T = 11/4 
— 2.75 tons = 5500 lb. Required rope strength is 
2.75 (7) = 19.25 tons. The rope to be used is of 
mild plow steel, 6/37 construction, circumference = 
2.5 in. d = 13/16 in. and p = % in. For the drum 
diameter a value D = 16 in. may be used, which is 
greater than 19d. Length J, = 29 (7) 18 = 25.4 in. 
and 7 = 25.5 + 9 + 25.5 = 60 in. 

Drum Thickness: From Equation 1 


2 (5500) 
0.875 (16) 


Also, with N = 4, s, = 60,000/4 = 15,000 psi. From 
Equation 22, A = 2 (15,000)/785 = 38.2. From 
Fig. 4, «, = 0.028, which gives ¢ = 0.028 (16) + 
0.063 = 0.510 in. or preferably 9/16 in. Also, 1/D = 
3.75 and with N, = 4, from Equation 18 


4 (785) (106) 
30 X 106 


From Fig. 5, «a = 0.029 and t¢ = 0.029 (16) = 
0.464 which is less than 0.510, thus t¢ = 9/16 in. will 
be used. 

Combined Stresses: From Fig. 4, with t/D = 9/16 
(16) = 0.035, A, = 30. Hence, s, = —30 (785)/2 
= —11,800 psi, M, = 5600 (25.5) = 140,200 Ib-in., 
Z, = 100 in.® (Fig. 6), s, = 140,200/100 = 1402 psi. 
Using the maximum shear stress theory, s, — 8, = 
1420 + 11,800 = 13,200 psi. The factor of safety 
is 60,000/13,202 = 4.54 which is satisfactory. 





= 785 psi 


e— 


= 105 psi 
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N RECENT months there has 

been a sharp focusing of interest 
on bearings that are lubricated 
with air. This interest is centered 
around the two major advantages 
of the use of air: first, freedom from 
contamination by leakage of the 
lubricant, and second, low friction. 

Air-lubricated bearings are pre- 
sently used over wide ranges of 
speeds, from very low to as high 
as 80,000 to 100,000 rpm. They have 
been designed as both journal bear- 
ings and thrust bearings and have 
been lubricated by normal hydro- 
dynamic action or by the hydro- 
static introduction of air at elevat- 


Fig. 1—Newton’s classic experiment 

on frictional force between two sub- 

merged concentric cylinders, the 

forerunner of rational journal bear- 
ing analysis 


Air-Lubricated 


Bearings 
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ed pressures. A considerable vari- 
ety of designs is available to satis- 
fy the needs of almost any type 
of application, producing low-fric- 
tion bearings with reasonably good 
load-carrying capacities. Certain de- 
signs have even been used to main- 
tain extremely close running toler- 
ances between machine elements, 
and one air-lubricated journal bear- 
ing has been used to measure pres- 
sure differences as small as 0.01- 
mm of water. 


Experimental Work: This all be- 
gan many years ago when Sir 
Isaac Newton conducted his great 
series of experiments. One of these 
experiments was concerned with 
the resistance to motion of two 


DESIGN 
ABSTRACTS 















concentric cylinders, both being 
submerged in a liquid, when one 
was turned relative to the other, 
Fig. 1. Newton observed that for 
a constant temperature the fric- 
tional force F was proportional to 
the relative speed of rotation v and 
to the swept area A, and inversely 
proportional to the radial clearance 
space between the cylinders h, pro- 
viding that this clearance space 
was small. The constant of propor- 
tionality depends upon the liquid 
and is now recognized as the ab- 
solute viscosity », which gives 





P=,p4— (1) 
=4p em s>sarcevantens 


As applied to a journal bearing 
of length I and radius r, A becomes 


Fig. 2—Model of an air-lubricated Kingsbury thrust bearing which has a 
coefficient of friction of approximately 0.002 
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Fig. 3—Left—Elements of a hydrostatic step bearing which 
maintains a surface separating film even when the bearing is not 


rotating 
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2nrl, v becomes wr and the friction 
torque T is 


2772 l yw 
h 


T= (2) 


where » is the angular velocity in 
radians per second and A is the 
radial clearance in the bearing. 

Albert Kingsbury and others 
have demonstrated the accuracy of 
Equation 2 when applied to air- 
lubricated bearings. Kingsbury ex- 
perimented with a bearing 6 inches 
in diameter by 64-inches long in 
which was placed a short length 
of shaft weighing 50.5 pounds. 
Radial clearance was about 0.0008- 
inch. The load was carried without 
difficulty at shaft speeds above 250 
rpm. Kingsbury measured coef- 
ficients of friction as low as 0.001. 
Equation 2 can be used for air lub- 
rication even when the bearing is 
carrying a moderate load of a few 
pounds per square inch, as long 
as a laminar flow condition pre- 
vails in the film. This is generally 
true if Reynolds number, vD/», for 
the film is less than 2000 (» is the 
kinematic viscosity of air, v is the 
surface velocity of the shaft, D is 
the air film thickness). 

Example: A bearing 3 inches in 
diameter by 4 inches long running in 
atmospheric air at a speed of 1800 
rpm and with a diametral clearance 
of 0.002-inch would have a friction 
torque T, calculated from Equation 2, 
of 0.0279 pound-inch. For this calcu- 
lation, the viscosity of air at atmos- 
Pheric conditions is 0.018-centipoise 
or 1.45 (0.018) (10-7) pounds-second 
per inch? [Reyns]. An evaluation of 
the Reynolds number, R, for the air 
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Fig. 4—Above—Ultracentrifuge application of an air-lubricated step bearing 
which operates at speeds up to 80,000 rpm 


Fig. 5—Below—German air bearing design, a modification of the step bearing 
of Fig. 3, in which air flows in two directions 








So 














film in this bearing gives a value of 
12.2 where the kinematic viscosity 
of air at atmosphere conditions is 
0.0232 inches? per second. 


Thrust Bearings: Where thrust 
type loads are encountered in ma- 
chines and mechanisms, air can be 
frequently used as the lubricant. 
Fig. 2 shows a model of a Kings- 
bury type thrust bearing that runs 
very nicely on air. When the run- 
ner is turning the pivoted shoes 
tilt automatically until they devel- 
op a wedge-shaped film of air be- 
tween the shoes and the runner 
sufficient to carry the applied load. 
The runner in the model weighs 4 
pounds and there are 3 shoes, each 


approximately 14-inches square. 
Spinning the runner by hand pro- 
vides more than enough velocity 
to support this load. Tests con- 
ducted on this model, measuring 
the rate of slowing down, give a 
value for the overall coefficient of 
friction, including windage, of ap- 
proximately 0.002. 

Where it is desirable to carry the 
imposed thrust load and separate 
the bearing surfaces at all times 
by a film of air, whether there is 
bearing rotation or not, it is pos- 
sible to introduce air hydrostatic- 
ally under pressure. The arrange- 
ment of elements in such a bearing, 
called a “step” bearing, is shown 

(Continued on Page 381) 




















EXTREME-PRESSURE GREASE 1 
. » » operates over wide temperature range 
Alpha Corp., 179 Hamilton Ave., Greenwich, Conn. 


This grease is an inert compound of molybdenum 
disulfide and silicone. 


Designation: Molykote-Silicone, Type 77. 

Form: Grease. 

Service: Lubricating under extreme bearing pressure 
requirements; silicone content makes compound 
chemically inert to rubber, leather, plastics, Teflon, 
nylon, fiber and metals; resistant to oxidation and 
gum or varnish formation; operating temperature 
range, —50 F to 400 F with occasional peaks up 
to 600 F; above 600 F silicone volatizes leaving 
molybdenum disulfide deposited on surfaces for ef- 
fective lubrication up to 800 F. 

Properties: Grease compound of molybdenum disulfide 
powder processed with silicone fluid and stabilizer; 
unworked penetration range, 275 to 325; worked 
range, 290 to 340; dropping point, testing was 
stopped at 490 F with no apparent dropping point. 


For more data circle MD-1, Page 297 


HOSE CONNECTORS 
. « . use O-ring packing 


Eastman Mfg. Co., Manitowoc, Wis. 


O-ring packing seals against leakage at pressures 
of 5000 psi though connection is only hand tight. 


Designation: MR. 

Size: For %, %, 1 and 1% in. ID hose. 

Service: Connecting wire-braided hose; will not leak 
at high pressures; O-ring seals easily replaced when 
necessary; easily connected and disconnected. 

Design: Hose connectors; all pipe threads are “Dry- 
seal”; O-ring seals make excessive tightening to 
withstand high pressures unnecessary. 


For more data circle MD-3, Page 297 








SPHERICAL WASHERS 2 
. + » provide good bearing despite misalign- 
ment 


Reid Tool Supply Co., 709 Baker St., Muskegon 
Heights, Mich. 





Mating spherical faces of these two-piece washers 
slide so that full contact is made with both nut 
and work surface. 


Size: For 4% to 1 in. diam bolts. 

Service: Providing good contact for clamping pur- 
poses; resist corrosion. 

Design: Two-piece washer with spherical mating sur- 
faces; made of high quality low-carbon steel; all 
sharp edges removed; zinc plated; case hardened. 


For more data circle MD-2, Page 297 





HIGH DENSITY METAL 4 
. . - 50 per cent denser than lead 


Metal Carbides Corp., 107 E. Indianola Ave., Youngs- 
town, Ohio 


Can be used for balancing or atomic radiation 
screening. 


Form: Solid. 

Size: Hot-pressed parts up to 25 in. OD by 40 in. 
long; weights in excess of 1000 lb. 

Service: For static and dynamic balancing as well as 
other applications requiring maximum weight in 
minimum space; resisting radioactive ray penetra- 
tion. 

Properties: Tungsten alloy; produced from powdered 
metals using a hot-press method; readily machined 
with carbide tipped tools; specific gravity in ex- 
cess of 17.5 grams per cu cm. 


For more data circle MD-4, Page 297 
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WATER BRAKE DYNAMOMETER 5 
. . - for high-speed rotary power absorption 


Industrial Engineering Co., Island Rd. and Suffolk St., 
Philadelphia 42, Pa. 


Requires no cradle or 
torque arm since it is 
mounted directly on the 
frame of the machine 
under test. 


Designation: Model W200 Hydra-Brake. 
Size: 6.63 in. OD, 13.44 in. long; weight, 35 Ib. 


Service: Absorbing power from any high speed, ro- 
tating machine or engine; used in jet engine field 
for studies of accessory power take-offs; utilizes 
heat rise-flow principle; operates clockwise or coun- 
terclockwise; measures to 600 hp at 8000 rpm; ac- 
curacy within 2% tolerance. 

Design: Tortuously-ported stators and disks; self-sup- 
porting, end-mounted; drag is caused by whirling 
disks shearing a layer of water around the inner 
periphery of brake housing; drag is augmented by 
acceleration and deceleration of water passing 
through ports of rotating disks and stators; other 
models available for power loads up to 1000 hp. 


For more data circle MD-5, Page 297 








FILTER PUMP 7 
. .. for acid and alkaline solutions 
Sethco, 70-78 Willoughby St., Brooklyn 1, N. Y. 


Filter units, pump, and 
fittings have corrosion- 
proof construction. 





Designation and Size: 


Model Rated Capacity Overall Size Weight 
(gal/hr) (ft) (Ib) 
ASI-300 300 2x2x2 125 
ASI-400 400 2x2x2 135 
ASI-600 600 2x2x2 150 


Service: Filtering practically any acid or alkaline solu- 
tion from pH 1 to pH 14; removes particles down 
to one micron in size from corrosive solutions; pro- 
vided with two 12-ft lengths of hose; strainer stops 
metallic objects, all units furnished with %-hp, 110 
or 220 v ac completely enclosed motor. 


Design: Stainless steel volute-type centrifugal pump 
and fittings; thermosetting ethoxyline resin filter 
assemblies and strainer; cotton, dynel, Orlon, nylon, 
spun-glass, porous-stone or porous-carbon filters; 
phenolic base; acid and alkaline-proof hose. 


For more data circle MD-7, Page 297 








CONTACT METER-RELAY 6 
. » » automatically energizes circuits 
Assembly Products Inc., 1002 Bell St., Chagrin Falis 


’ 


Incorporation of booster con- 
tacts in the meter-relay pro- 
vides an increase in current 
carrying capacity. 


Designation: Simplytrol. 

Size: 2% in. sq, 3% in. sq and 
4% in. sq. 

Service: Providing sensitive automatic energizing of 
ac or dc loads when predetermined signal limits are 
reached; meter ranges, 0-20 to 0-500 for microam- 
meters, 0-1 to 0-1000 for milliammeters, 0-1 to 0-50 
for ammeters, 0-1 to 0-500 for voltmeters; booster 
contact ratings, 1 amp at 28 v or % amp at 110 
Vv ac noninductive. 


Design: Meter plus relay-locking circuit; stationary 
pointer on meter is preset at limit value; if a sig- 
nal causes the moveable pointer to reach stationary 
pointer position, a meter contact energizes the lock- 
ing circuit, providing positive locking of a separate 
pair of load or booster contacts; load-carrying con- 
tacts are carried on frame inside meter case; other 
meter ranges available. 

Applications: Sound or light producing alarms; con- 
tinuous on-off or automatic shut-off switches; bear- 
ing temperature warning signals on turbines and 
generators; automatic speed controls on machines 
and conveyors. 
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FLOW RATE METER 8 
. » - measures air and industrial gases 


Waukee Engineering Co., 759 N. Milwaukee St., Mil- 
waukee 2, Wis. 


Meters have built-in calibration for the 
specific gas and rate of flow to be meas- 
ured. 


Designation and Size: 





No. Length Diam Pipe Connection 
(in.) (in.) (NPT, in.) 

M1 to M7 19% 275 % 

M8 to M10 20% 25 1% 


Service: Measuring flow rates of air and industrial 
gases including ammonia, dissociated ammonia, pro- 
pane, butane, city gas, endothermic and exothermic 
gas, hydrogen, natural gas, nitrogen, and oxygen; 
flow-rate capacities available for most gases to 1500 
cu ft per hr; specifications required when ordering 
—gas to be measured, gas specific gravity, gas tem- 
perature, gas pressure, max flow, desired meter 
size, and desired name tab. 

Design: Float assembly in tapered metering tube; 
float assembly consists of float, float rod, and indi- 
cator; indicator in oil-filled pyrex tube; calibrated 6 
in. scale. 
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ELECTRONIC GOVERNORS 9 
. . maintain speed within one-half per cent 


W. C. Robinette Co., 802 Fair Oaks Ave., South Pasa- 
dena, Calif. 


May be applied to almost 
any prime mover and 
will maintain speed over 
the entire torque range. 


Designation: Motron Servo. 

Service: Maintaining prime mover speed; will not over- 
shoot or hunt when correcting speed; starts to cor- 
rect when speed is in error by 0.02%; may be pro- 
vided to average out errors over a period of time. 


Design: Small centrifugal governor is driven by prime 
mover through epicyclic differential gear; other in- 
put to differential is two-phase induction servo- 
motor; input to servomotor is from power line and 
from amplifier controlled by governor; variation of 
prime mover speed causes governor to vary servo- 
motor input, causing the servomotor to reset the 
throttle or other speed-controlling device; system is 
specially designed for application using standard 
package servo to give quick working mockup. 
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ARBOR MOTORS 1 
. .. for tools mounted directly on shafts 
Louis Allis Co., 427 E. Stewart, Milwaukee 7, Wis. 


Extremely rigid con- 

struction permits 

mounting of saws, 
grinding wheels, cutter 
heads, etc. directly on 
the shafts of these mo- 
tors. } 

ad 

Designation and Size: Series 600—3, 5 and 7.5 hp, 3% 
in. from center line of shaft to flat side of motor; 
Series 800—7.5, 10 and 15 hp; 4% from centerline 
of shaft to flat side of motor. 

Service: For continuous operation at rated hp at 3600 
rpm; rated 55 C rise; high breakdown torque; 
smooth running. 

Design: Totally enclosed, fan-cooled electric motors; 
mounting feet located on end bells inside maximum 
width of end bells; shaft extension end of shaft 
supported by single-row, double-row or duplex bear- 
ing, depending on service; connector for single- 
voltage leads or conduit box for dual-voltage leads 
may be opposite feet or on either side of motor as 
required. 
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WEAR STRIPS 10 
. . - have aluminum-bronze wearing surface 
Ohio Knife Co., Dreman Ave., Cincinnati 23, O. 


Aluminum-bronze wear- 
ing surface is claimed 
to be superior to con- 
ventional cast phos- 
phorous bronze. 


Size: 72 in. lengths; %, 1 or 1% in. thicknesses; 1%, 
1%, 2, 2%, 2%, 3, 4, 5, 6 and 8 in. widths. 

Service: Providing long-wearing bearing surfaces; 
backing material easily tapped, drilled or otherwise 
machined. 

Design: Strips of soft machine steel with welded-on 
layer of Ampco aluminum bronze; aluminum bronze 
layer is finish-ground, flat and parallel; other sizes 
available as specials. 
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VACUUM-OPERATED SWITCH 12 
.. - breaks circuit when vacuum is low 


Jaycon Associates, 404 N. Washington Ave., Minne- 
apolis 1, Minn. 


Will stop gasoline engines 
or electric motors in pump- 
ing service when liquid 
source runs dry. 


Designation: Vac-On 35-2 and 35-5. 

Size: 4% in. diam, 3% high; 4-in. NPT female vac- 
uum connection. 

Service: Stops electric motors to 2 hp on ac, to %- 
hp on dc, or on any spark-ignition engine when vac- 
uum applied to switch is less than 1% in. of Hg; 
for heavy-duty service. 

Design: Diaphragm-operated switch; contact points 
normally closed; lever incorporated for reclosing of 
points after opening; contact points are silver. 
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NEW PARTS 


SERVO CONTROL VALVE 


. .- controls pressure with small current 


Standard Controls Inc., 1230 Poplar Place, Seattle 44, 
Wash. 


13 


Eight milliampere differ- 
ential current flow regu- 
lates 3000 psi hydraulic 
output. 





Designation: PC-1. 

Size: 2 by 2 by 3% in.; weighs 1.4 lb; ports are %- 
in. tube size per AND 10050-6. 

Service: Controlling hydraulic motor or actuator po- 
sitioning devices; for supply pressures from 500 to 
3000 psi; proof pressure of pressure section is 4500 
psi, of return section 1500 psi; burst pressure, 7500 
psi minimum for pressure section, 3000 psi mini- 
mum for return section, coil resistances, 700 ohm; 
rated 4.2 hp maximum; operates from —65 to 250 
F; no measurable effect on pressure regulation with 
10g acceleration along any axis. 


Design: Electrically controlled pressure-control valve; 
two coils connected in opposition control miniature 
electric torquer which operates a pair of push-pull 
slide valves to regulate output pressures; 8 in. 4- 
wire color-coded cable for electrical connections; 
output of valve may drive motor or actuator in 
either direction. 
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HIGH-PRECISION POTENTIOMETERS 
. « . in new smaller sizes 
Helipot Corp., South Pasadena, Calif. 


Electrically equivalent to 
the previous Model F, these 
potentiometers are  4;-in. 
smaller in OD. 





Designation: Model L. 


Size: 3 in. diam; length varies with number of ganged 
sections and is 4.912 in. for 8 sections. 


Service: Continuously varying electrical resistance in 
as many as 8 circuits simultaneously; resistance per 
section of 5000 to 100,000 ohm; linearity of +0.5% 
standard; linearity as high as +0.1% on special 
order; phasing of sections may be varied. 

Design: Precision-ganged potentiometers; all models 
have phasing clamps; single section may have as 
many as 33 taps; extra taps are accurately spot- 
welded at the factory; shaft rotation is continuous; 
all electrical connections are spotwelded; models for 
bushing or servo-lid mounting with sleeve, Oilite 
or ball bearings available. 
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ADJUSTABLE PAWL LATCHES 
. . » for small doors and panels 
Southco Div., Southchester Corp., Lester, Pa. 


15 


Though small, high strength 
is claimed for this latch. 





Designation: No. 43. 

Size: 1% in. long by %-in. wide by ,4-in. deep hous- 
ing; extends 0.859-in. back of housing; total depth 
is 1.359 in.; operating knob approximately %-in. 
in diam. 

Service: Retaining panels or doors in material from 
% to \%-in. thick; resist vibration; easily adjusted 
for materials of varying thicknesses; latching pres- 
sure may be varied to compress gasket; easily in- 
stalled by riveting or spot welding. 

Design: Knurled operating knob turns spring-retained 
pawl on threaded shaft; additional turns of knob 
cause pawl to move toward or away from panel to 
increase pressure or increase grip; operating knob 
is brightly plated; slotted-head knobs available. 
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ALARM RELAYS 
. « « incorporate warning lights 


Tigerman Engineering Co., 4332 N. Western Ave., 
Chicago 18, Ill. 


16 


Completely enclosed and dust- 
proof, these units may be read- 
ily disassembled if necessary. 





Designation: LPG. 

Service: Operating warning devices such as bells or 
horns in addition to lighting or flashing of integral 
light or lights; easily connected; contacts rated 2 
amp at 125 v 60 cycle ac, noninductive load. 

Design: Relays with normally-open or normally-closed 
maintained contacts, momentary contacts, or nor- 
mally-open or normally-closed lock-in contacts; 10 
different contact combinations available; also avail- 
able in multiple unit systems in cabinets with wired 
chassis; engraved glass plates for identification of 
circuits in cabinets or colored lenses are available. 
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MINIATURE SPEED CHANGER 17 
.. + has lever adjustment 


Metron Instrument Co., 432 Lincoln St., Denver 9, 
Colo. 





Changer can be con- 
trolled locally or re- 
motely with connecting 
links, cams, cranks, or 
similar mechanisms. 








Designation: Type 3B. 

Size: 47, in. long, 1% in. wide, 27 in. high; lever 
radius, 1 in.; lever arc, 63 deg; weight, 6 oz. 

Service: Providing variable speed-changing over 25 to 
1 range; lever orients independently of pointer to 
any horizontal position; lever can be removed, giv- 
ing a vertical speed control shaft; remote ratio 
indication can be arranged by a scale associated 
with the remote speed regulator; settings can be 
made while running or stationary; operates in any 
position. 

Design: Input and output drive disks make contact 
through two rollers pivoted to contact disks at 
changeable radii; permanently lubricated ball bear- 
ings; completely enclosed. 

Applications: Chart drives, instrument test equipment, 
mixers, optical drives, signal generators. 
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TUBE FITTINGS 19 
. . . require no flaring of tubes 


Chicago Forging &@ Mfg. Co., 2000 Southport Ave., 
Chicago 14, Ill. 









Fittings are shock 
absorbing and vi- 
bration-fatigue 
proof. 


Designation: Sealastic. 


Form and Size: Seal rings, ferrules, nuts, male con- 
nectors, female connectors, unions, 90-deg union 
elbows, 90-deg elbows, 45-deg elbows, tees and 
crosses for % to 1% in. OD tubes. 

Service: Providing fittings for metal tubing on fuel, 
oil, water, refrigerant, hydraulic, air, and injection 
lines; finger-tightened fittings withstand pressures up 
to 4000 psi; when wrench tightened, will sustain 
pressure resistance beyond that of the tube; handle 
temperatures from —70 F to 400 F; exact align- 
ment of tubes not necessary for coupling. 

Design: Connector nipple, synthetic-rubber seal fixed 
to tube by a metal ferrule and compression nut; 
sufficient tube clearance is provided in connection 
and nut to insure against metal contact between 
tube and fitting. 
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ELECTRONIC TIMER 18 


. . « flexible, accurate and dependable 
Photoswitch Inc., T7 Broadway, Cambridge 42, Mass. 


Provides four fundamental 
types of timing. 


Designation: 30HL1. 


Service: For applications re- 
quiring long life, repeat- 
cycle operation or precise 
accuracy of timing; provides interval, delayed ac- 
tion, automatic repeat and program timing with 
variations on each; these timing combinations in- 
corporated ir. one timer and may be utilized by 
changing external connections to terminal board; 
time intervals, 1/20 second to 4 minutes; basic elec- 
tronic circuit self-compensates for line voltage 
changes; accuracy, 2%; power requirement—115 or 
230 v, 50-60 cycles, 25 w; main contact rating— 
10 amp, 115 v ac noninductive or 5 amp, 230 v ac 
noninductive; auxiliary contact rating—1 amp, 115 
v ac noninductive or 0.5-amp, 230 v ac noninductive. 

Design: Electronic timer employing one electron tube; 
relay—two single-pole, double-throw switches. 
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OIL-FOG LUBRICATOR 20 


. .- produces fine particles at low air flow 


C. A. Norgren Co., 3400 S. Elati St., Englewood, Colo. 


Assures delivery of adequate oil 
fog to all lubrication points with 
a minimum air flow. 





Designation and Size: 


No. Inlet Height Diam oil 
Diam Capacity 
(in.) cin.) (in.) 

30-41-28 yy 6 3% % pt 

X3400-28 % uff 7 1% gal 

Y3400-2S 4 16 10 4 gal 


Service: Lubricating and cooling bearings, spindles, 


gearboxes and small air-powered devices; assures 
uniform rate of oil feed by constant oil level; 360 
deg visibility of oil flow; full view of oil supply; 
rated air requirements, 0.8-cfm at 10 psi to 6 cfm 
at 80 psi; safe operating pressure, 150 psi max; 
safe temperature, 120 F max. 


Design: Controlled air-flow oil sprayer; transparent 


dome-type sight feed; transparent oil reservoir; 
straight-through pipe connections. 
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REMOTE CONTROL TURNTABLE 21 


. . . variable speed, reversible unit 


Gale Dorothea Mechanisms, 81-01 Broadway, Elm- 
hurst, L. I., N.Y. 


Speed of rotation can be 
selected by turning a dial 
in a remote control box. 


Designation: Flexi-Turn. 

Size: 6 in. high, 20 x 24 in. base plate. 

Service: Providing variable speed reversible motion; 
reverses instantly; speed variable from 0 to 20 rpm; 
accelerates quickly or slowly; reversing and speed 
switches can be modified for foot operation to free 
operator’s hands; load carrying capacity, 200 Ib; 
power requirement, 115 v 60 cycles. 

Design: Turntable consists of 11 in. diam iron cast- 
ing supporting 18 in. diam plywood disk driven 
through speed reducer by 1/15-hp motor; remote 
control consists of on-off switch, signal which in- 
dicates when table is turning, speed control, for- 
ward-reverse switch, and a switch to double or 
halve the speed instantly; modified controls to fit 
job needs are available. 
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CAM FOLLOWER ROLLER 23 


. + for heavy duty requirements 
Smith Bearing Co., 18 Bear Tavern Rd., W. Trenton, 
N. J. 


Stud is large in diame- 
ter in comparison to 
roller size. 


Designation: Type CTA. 

Size: Roller, stud and 
thread sizes to specifi- 
cation. 

Service: Following cam contours; used in high speed 
and heavy load applications where unusual strength 
is demanded; integral flange on stud allows large 
stud diameter. 

Design: Heavy duty cam follower roller; stud—ma- 
terial, 4615 steel or equivalent in carburizing grade, 
bearing end case-hardened to 58-60 Rockwell C, 
thread end left soft, SAE fine threads, provision 
for drive-type grease fitting for lubrication, fitting 
not provided; outer roller—material, 52100 steel, 
through-hardened to 60-62 Rockwell C; needle roll- 
ers—material, 52100 steel, through-hardened to 58-60 
Rockwell C; snap ring—material, 4130 steel or 
equivalent, hardened and drawn to spring temper, 
cadmium plated; bearings are prelubricated. 
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WIRING DEVICES 22 
. - » quickly and easily locked in place 


Pass & Seymour Inc., Solvay Station, Syracuse 9, 
) om 2 


Caps turn in connections 
and receptacles to provide 
positive locking. 





Designation: Turnlok. 

Service: Providing locked electrical connections; 2- 
wire caps, connectors, and single flush receptacles 
with 20 amp, 250 v ac ratings; 3-wire caps, con- 
nectors, and single or double flush receptacles with 
15 amp, 125 v and 10 amp, 250 v ac ratings; 3 
and 4-wire caps, connectors, and single flush recep- 
tacles with 20 amp, 250 v and 10 amp, 600 v ac 
ratings. 

Design: Cord-grip caps and connectors; nonpolarized 
2-wire caps; polarized 2, 3 and 4-wire caps, connec- 
tors and receptacles; available in rubber and black 
plastic. 
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HARD RUBBER COMPOUND 24 


. .. for high temperature applications 


American Hard Rubber Co., 93 Worth St., New York 
13, w. Fe 


This compression-molded thermosetting material is 
available in four forms. 


Designation: Tempron. 

Form and Size: Pipe—i1 to 8 in. diam, 10 ft lengths; 
fittings—companion flanges for 1 to 6 in. pipe, 
couplings for 1 to 4 in. pipe, 45 deg elbows for 1 to 
3 in. pipe, 90-deg elbows for 1 to 6 in. pipe, tees for 
1 to 6 in. pipe; rods, % to %-in. OD in 30 in. 
lengths, ¥% to 3% in. OD in 42 in. lengths, 3% to 
6 in. OD in 30 in. lengths; tubes, % to 3 in. ID in 
30 or 42 in. lengths; sheets, 24 x 50 in., 24 x 25 in., 
24 x 12% in. in & to 4 in. thickness; molded parts; 
hand-built sheet-formed parts. 

Service: Providing rigid chemically-resistant, light- 
weight pipe and fittings, rods, tubes, sheets, molded 
and sheet-formed parts; can be machined and pol- 
ished; can use in electrical parts; inserts can be 
molded in or inserted after molding; resists or- 
ganic and inorganic corrosives and chemicals. 

Properties: Based on nitrile synthetic rubber (Buna- 
N); tensile strength, 7170 to 7500 psi; flexural 
strength, 11,300 to 11,800 psi; elongation, 2.7 to 
2.8%; specific gravity, 1.24 to 1.25; hardness— 
Scleroscope from 75 to 80, Durometer D 87, Rock- 
well P from 106 to 115, Rockwell R from 85 to 87; 
heat distortion, 260 to 275 F. 
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NEW PARTS 


GEAR PUMPS 25 
... for No. 2, 3, 4, or heated No. 5 fuel oil 


Webster Electric Co., 1900 Clark St., Racine, Wis. 


Also available as 115/230 
volt pump-motor combina- 
tion units. 







Designation: LAM, LAMV. 





Size and Service: 2% in. wide, 2% in. high; %-in. 
pipe inlet and outlet ports; 
Type Overall Capacity* Type Overall Capacity* 
Length Length 
No. inc. at No. inc. at 
shaft ext. 100 psi shaft ext. 100 psi 
(in,) (gph) (in. ) (gph) 
1 LAM 2 10 1 LAMV 248 10 
2LAM 245 25 2 LAMV 244 25 
3 LAM 24 50 3 LAMV 3 a5 50 
4LAM 2 57 4 LAMV 3¥5 57 
5 LAM 2} 65 5 LAMV 343 65 


* Using No. 2 fuel oil at room temperature at 1750 rpm. 
Design: Helical gear pumps; body of cast iron; other 
parts of selected alloy steels; internal relief valves 
used in LAMV pumps for regulation between 50 
and 200 psi; shaft dimensions and types optional; 
port sizes may be altered and port location changed 
under certain circumstances. 
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SLIDING MOTOR BASE 26 


. » - automatically maintains belt tension 
Automatic Motor Base Co., Windsor, N. J. 


Automatic compensation 
for a predetermined 
amount of drive belt 
stretch minimizes main- 
tenance. 





Designation: Series BB. 

Size: For motors in NEMA frame sizes from No. 364 
through 505. 

Service: Automatically moves electric motors up to 
6% to 8 in. to maintain belt tension regardless of 
motor weight, reactive torque or belt angularity; 
maintains motor alignment and absorbs shocks; 
either direction of pulley rotation may be used; 
motor and base may be mounted in any position. 


Design: Motor mounting frame is moved by spring 
in compression to take up slack and maintain belt 
tension; frame moves on linear ball bearings, in- 
ner races are cylindrical tubes of high-carbon steel, 
outer races are square tubular members of frame; 
bearing assemblies are grease-packed for life and 
sealed; thrust bearing facilitates initial adjustment 
of belt tension. 


an 
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27 


REPEAT-CYCLE TIMERS 
... control both on and off time 


Paragon Electric Co., Two Rivers, Wis. 








Any set schedule of on and 
off-time is continuously re- 
peated. 





Designation: CR3MB-KT2. 

Size: 10% by 9 by 4% in.; weighs 10 lb. 

Service: For accurate, adjustable, short-duty opera- 
tions at relatively infrequent intervals; regulates 
time at which load circuit contacts are closed and 
length of time during which contacts remain closed; 
load contacts rated 10 amp at 125 v ac, 5 amp 
at 240 v ac; for 24 v, 50 or 60 cycle, 120 v, 25, 50 or 
60 cycle or 240 v, 25, 50 or 60 cycle operation; on- 
time ranges of zero to 2%, 5, 7%, 10, 15 or 30 
min, off-time ranges of 5 to 60 min, 10 min to 2 
hr, 20 min to 4 hr, 30 min to 6 hr, 30 min to 12 hr 
or 1 to 24 hr. 

Design: Two interconnected synchronous motor op- 
erated single-pole, double-throw switches; switches 
actuated by pins (off-time) or cam (on-time) on 
dials mounted on motor shafts; motors are perma- 
nently lubricated; entire unit contained in heavy 
steel case finished in baked enamel. 
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SHAFT SEAL 28 
. « - has Teflon sealing cones 


Crane Packing Co., 1800 Cuyler Ave., Chicago 13, Ill. 
' 4 "7 


Teflon sealing cones 
make this seal usable 
from temperatures of 
—100 to 450 F. 





Designation: Type 19. 


Size: For 4%, %, %, % and %-in. diam shafts. 

Service: Sealing shafts against leakage of oil, water 
or acids and other corrosive substances; has long 
service life; seals to 200 psi pressure; for high 
shaft speeds. 

Design: Retainer shell of bronze, stainless steel or 
other metal as required; carbon seal with lapped 
face and spring-loaded sealing cones of Du Pont 
Teflon; has drive ribs for rotating service or can 
be made in press-in type for stationary service. 
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SAFETY KNOBS 29 


. - - cannot be unintentionally turned 


Patent Button Co. of Tennessee Inc., Plastic Molding 
Div., Knoxville, Tenn. 


Teeth on operating por- 
tion of knob must be 
engaged with teeth on 
portion on shaft before 
shaft can be turned. 





Designation: Spin Free. 

Size: Approximately 2% in. diam by 1 in.; for stand- 
ard American Gas Association D-shaped split shafts 
approximately 43-in. in diam. 

Service: Preventing accidental turning of gas valve 
or electrical switch shafts; tests indicate life in 
excess of 115,000 operations; knobs resist burning, 
scratching, grease, oil and are nonelectrostatic. 

Design: Two-piece knob molded of Plaskon 3555; op- 
erating knob must be pushed in to engage portion 
on shaft before shaft can be turned; light spring 
holds two pieces apart unless pressure is applied; 
also available for other sizes and types of shafts. 
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MAGNETIC MOTOR STARTER 30 
. . . is small and lightweight 


——— ¢& Hegeman Electric Co., Hartford 6, 
onn. 


Equipped with vertical 
overload relays below 
the contactor. 





Designation: Type RA-V. 


Size: 
NEMA Size Height Width Thickness 

(No.) (in.) (in.) (in. ) 

0 and 1 6% 3% 3% 

2 8 4% 4% 

3 10% 5% 5% 

4 14% 7% 7 

5 16% 9% 8% 


Service: Used where motor starters of reduced size 
and weight are needed; can be used with Crouse- 
Hinds M52 type EPC explosionproof condulet. 

Design: Straight-through front wiring; copper con- 
tacts with silver-alloy tips; alkyd tongue and groove 
construction hood and base; bimetallic overload 
relays with thermal inverse time-delay snap action; 
reversing and two speed models also available. 
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PNEUMATIC CYLINDERS 31 
. +. are easily serviced 
Carter Controls Inc., 2800 Bernice Rd., Lansing, Ill. 


Easily removable heads 
and unit rod-end bearing 
and packing facilitate 
disassembly for any nec- 
essary servicing. 





Size: From 1% in. OD and 1% in. bore diam to 8% 
in. OD and 8 in. bore diam; stroke lengths to 22 
ft; pipe ports from % to 1 in., varying with bore. 

Service: Rated pressure, 150 psi; easily disassembled 
and serviced; long-wearing; piping connections eas- 
ily made; safety factor of 10 to 1 in all sizes. 

Design: Cylinders of heavy wall tubing; piston-rod 
scraper ring prevents abrasive material from en- 
tering cylinder; heads locked in counterbored sec- 
tion of cylinder by half-hard brass keys, and may 
be rotated through 360 degrees; keys inserted 
through milled slots in OD of cylinder; rod-end 
bearing and seals are an easily removable assem- 
bly, retained by internal snap ring; all standard 
mounting arrangements available. 
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ADJUSTABLE OVERHEAT DETECTOR 32 
.-. operates between 100 and 1000 F 
Fenwal Inc., Ashland, Mass. 





Provides dependable overheat detection in high am- 
bient temperatures produced by aircraft engines. 


Designation: Model 17343-29, Type E-4. 

Size: 5 in. long, % in. diam; weight, 0.135-Ib. 

Service: For aircraft fire and overheat detection; ca- 
pable of prolonged operation from 100 F to 1000 F; 
will withstand exposure to —100 F temperatures 
indefinitely and high accelerations without appre- 
ciable effect on dependability; unit is repeatable 
after exposure to 2000 F flame—a safety factor in 
recurring fires; response mechanism is not affected 
by dirt, moisture, or other contaminants; electrical 
contacts of detector close when ambient tempera- 
ture rises to preset actuation temperature; rating, 
3 amp at 28 v de. 

Design: Temperature-sensitive contact assembly housed 
in stainless steel shell; hermetically sealed. 
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PHENOLIC MOLDING COMPOUND 33 
. «+ has high-impact strength 


Durez Plastics and Chemicals Inc., North Tonawanda, 
N. Y. 


Glass fiber impregnated with phenolic molding com- 
pound for one-step compression moldings having 
high-impact strength. 


Designation: 16221. 

Form: Dry, impregnated glass-fiber rovings. 

Size: 1 in. lengths, other lengths special. 

Service: Molded by standard compression molding 
methods at 5000 to 6000 psi and temperatures of 
300 to 350 F; cure time slightly slower than for 
general purpose materials; breathing cycles recom- 


mended. 
Properties: Distorted by heat above 450 F; 

Specific gravity ............1.97 Step-by-step dielectric 

Water absorption (% in 24 strength (v/mil, min). .200 
BP WD ccececccccccecccmee Dissipation factor, ave 

Impact strength (lb-ft/in., at 60 cycles per second .0.03 
BD 6 cececkseteccescacceecle at 1 kilocycle per second 0.02 

Flexural strength (psi, at 1 megacycle per second 


BRED ccscoccesece .- -18,000 pesecccnstscocscoecss GED 
Tensile strength (psi, min).6,000 Dielectric constant, ave 
Compressive strength, per- at 60 cycles per second .7.0 

pendicular to fibre (psi at 1 kilocycle per second 6.8 

RR eee 17,000 at 1 megacycle per second 
Compressive strength, paral- cocecccovsocnccsoscese GF 

lel to fibre (psi, ave). ..26,000 Are resistance (seconds, 
Modulus of elasticity in GEEP tkssntctntecnverendee 

tension (psi) ....... 2.4 x 10 
Short time dielectric strength 


(v/mil, min) .... 250 
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IDENTIFICATION PLATES 35 
. . - adhesive-backed for easy attachment 


Metalcraft Inc., Mason City, Iowa 


Resilient, solvent-reactivated hac aa 
adhesive permanently adheres 
to any grease-free service. 





= 


20 2 Me" 


Designation: Numbergraphs and Serially Numbered 
Autographs. 

Size: Numbergraphs are 0.008-in. thick and 1 in. long 
by 3/10 in. wide or 2 in. long by 0.4-in. wide; Auto- 
graphs are 0.016-in. thick and 1% in. long by ,-in. 
wide or 2% in. long by 7-in. wide. 

Service: Quickly, easily and permanently attached; 
adaptable to almost any product or surface; Num- 
bergraphs easily shaped to conform to irregular 
surfaces. 

Design: Numbergraphs of mill-finish aluminum; Auto- 
graphs of chromed metal; numbers ;% or \%-in. high 
deeply stamped in metal; Numbergraphs bear serial 
numbers only; Autographs bear serial numbers, 
lithographed company name and short advertising 
message, if desired, in two colors; solvent for re- 
activation of adhesive backing and brushes for ap- 
plication supplied with plates. 
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FOOT-OPERATED SWITCH 34 
. .. withstands extremely rough treatment 


Aronson Machine Co., Arcade, N. Y. 


An indestructible, oiltight 
and dusttight steel enclos- 
ure assures long life for 
this switch. 





Designation: Model FPC. 

Size: 7 in. long, 6 in. wide and 3 in, high; %-in. pipe 
threaded opening for connections. 

Service: Starting, stopping and reversing electric mo- 
tors rated %-hp at 110 or 220 v ac single phase, 
or 110, 220, 440, 550 v ac 2 or 3-phase, or %-hp 
de motors operating on 115 or 230 v; breaks all 
lines to motor in 2 or 3-phase operation and both 
sides of armature and field circuit in de operation; 
unaffected by dirt or dust. 

Design: Reversing, foot-operated toggle switch; con- 
sists of Allen-Bradley Bulletin 350 Size 00 drum 
switch in heavy steel case; front of case is 3 by 
2 by \%-in. L, back is %-in. plate, remainder of en- 
closure formed from %-in. plate; operating treadle 
is %-in. square bar; enclosure is gasketed; switch 
may also be operated by hand. 
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CENTRIFUGAL PUMP-MOTOR 36 
. . - Single unit, highly compact 
Goulds Pumps Inc., Seneca Falls, N. Y. 


Pump impeller is 
threaded directly to mo- 
tor shaft to form an 
extremely compact unit. 





Designation: Fig. 3642. 

Size: From 13% in. long, 9% in. high and 8jj in. 
wide to 16}% in. long, 9% in. high and 8} in. wide; 
weigh from 52 to 68 lb; 1 in. or 1% in. NPT suc- 
tion ports; 1 in. or 14% in. NPT discharge ports. 

Service: Maximum capacity of smallest size is 58 gpm 
at 30 ft head at 3500 rpm with %4-hp motor; max- 
imum capacity of largest size is 110 gpm at 40 
ft head at 3500 rpm with 2 hp motor; will not leak; 
easily serviced; working pressure 100 psi, test 
pressure 150 psi. 

Design: Centrifugal pumps mounted directly on elec- 
tric motors; pumps..available of all iron construc- 
tion, bronze-fitted iron construction or all-bronze 
construction; casing is volute type; mechanical 
shaft seal; statically balanced impellers; ball 
bearings in motor; units are foot mounted; pump 
housing may be mounted in 8 different positions, 
45 degrees apart, to facilitate piping. 
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. . . small and highly accurate 
R. W. Cramer Co., Centerbrook 5, Conn. 


Accuracy of this 3% in. 
diam stopclock is 0.02 of 
1% or better. 





Designation: Model ET. 

Size: 3% in. diam, extends 1 in. in front of panel; 
ac models extend 4 in. back of panel; dc model with- 
out radio interference filter extends 443 in. back 
of panel; dc model with filter extends 41/4 in. back 
of panel. 

Service: Indicating time intervals to 60 seconds or 
to 60 minutes; for 110, 220 or 440 v 50-60 cycle 
operation, 115 v 400 cycle ac operation, or 28 v dc; 
400 cycle ac model also requires 28 v dc for stop- 
ping and starting; withstands 30g shock and 10 
to 55 cycle per second vibration with 0.06-in. ex- 
cursion; commercial model operates at 0 to 125 F, 
military model operates from —55 to 85 C; operates 
at altitudes to 50,000 ft. 

Design: Synchronous motor driven stopclock; motor 
runs continuously and timing cycle is controlled by 
solenoid-energized pawl which engages ring gear on 
planetary gear system to drive indicating pointers; 
another pawl engages to stop indicating pointers; 
models to meet Military requirements for humidity, 
salt spray and fungus resistance available. 
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TIME TOTALIZER 37 


MAGNETIC DRAINPLUGS 39 
. . may be inspected without draining oil 


Technical Development Co., 1228 Cherry St., Phila- 
delphia 7, Pa. 


Integral valve closes to pre- 
vent oil drainage when mag- 
netic portion of assembly is re- 
moved. 





Designation and Size: A-7118 has 
1-18 NS threads and is 1.94 in. 
long; A-7114 has 1-14 NF threads and is 1.94 in. 
long; A-720 has 17-12 NS threads and is 1.94 in. 
long; A-722 has %-18 NF threads and is 1.84 in. 
long. 

Service: Removes harmful ferrous particles from lu- 
bricant in gearboxes or crankcases; magnetic por- 
tion may be removed and inspected to detect ex- 
cessive wear rates without draining oil; prevents 
loss of oil when gearboxes or crankcases are re- 
filled, due to failure to replace plug. 

Design: Assembly incorporates valve which is auto- 
matically closed when magnetic plug is removed; 
draining attachment is inserted in place of plug to 
open valve for draining; attachment designated 
D-730 fits all four sizes of plug; plugs made from 
heat-treated aluminum alloy; synthetic rubber O- 
ring valve seals. 
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MINIATURE RELAYS 38 
. « » for critical applications 
Hart Mfg. Co., 110 Bartholomew Ave., Hartford, Conn. 


This 3.76-0z relay is undamaged 
by shock in excess of 50g. 





Designation: Series R. 

Size: 17, in. diam, 2 in. high; weighs 3.76 oz. 

Service: For ambient temperatures from ~-—65 to 
200 C; withstand vibration from zero to 1500 cy- 
cles at 15g or better; contact ratings to 7.5 amp 
at 30 v de or 115 v ac with resistive loads; inter- 
electrode capacitance less than 5 mmfd; electrode 
to case capacitance less than 24% mmfd; coil resist- 
ances to 50,000 ohm available; operating life of 
more than 100,000 cycles; resists dust and moisture. 

Design: Four-pole, double-throw relay; hermetically 
sealed in metal container; solder-lug terminals. 
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FLUSH LATCH 40 
. . . entirely of corrosion-resistant material 
Hartwell Co., 9035 Venice Blvd., Los Angeles 34, Calif. 


Latch mechanism fabri- 
cated from aluminum al- 
loy extrusions has very 
high strength. 





Designation: H-5200. 

Size: 4.400 in. long, 2.000 in. wide, extends 0.855-in. 
back of door when latched; flush with 0.091 +0.005- 
in. thick door; cutout for installation is approxi- 
mately 3.390 by 0.780-in. 

Service: Resists corrosion; easily unlatched; requires 
only simple rectangular cutout for mounting; has 
high strength. 

Design: Pressure on trigger releases bolt which ro- 
tates on pin; bolt then extends approximately 2 in. 
above door surface and is used as handle to open 
door; trigger and bolt of 24S-T6 extruded aluminum 
alloy; bracket is type 302 stainless steel; springs 
are cadmium plated music wire; rivets are type 
302 stainless steel or Monel; also available for 
other door sheet thicknesses. 
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FAN BLADES 
- + « one piece, for unit bearing motors 


Torrington Mfg. Co., Torrington, Conn. 


4] 


Hand-set to assure accur- 
ate forming, blade align- 
ment and smooth, quiet op- 
eration. 





Designation: Series LU. 


Size: 
Fan Fan Fan Average Fan Fan Fan Average 
No, Diam Depth Weight No. Diam Depth Weight 
(in.) (in.) (Ib) (in.) (in.) (ib) 

LU-7713-3 7% 1% 0.175 LU-8727-3 8% 2% 0.225 
LU-7720-3 7% 2 0.175 LU-8730-3 8% 3 0.225 
LU-7722-3 7% 2% 0.175 LU-1020-3 10 2 0.300 
LU-7725-3 7% 2% #«02.175 LU-1022-3 10 2% 0.300 
LU-7727-3 7% 2% 0.175 LU-1025-3 10 2% 0.300 
LU-8720-3 8% 2 0.225 LU-1027-3 10 2% 0.300 
LU-8722-3 8% 2% 0.225 LU-1030-3 10 3 0.300 
LU-8725-3 8% 2% 0.225 


Service: LU-7713-3 delivers 390 cfm at 1550 rpm and 
requires 0.004-hp in NEMA free air test, delivers 
145 cfm at 1550 rpm and 0.100-in. of water and 
requires 0.004-hp in NAFM code test; LU-1030-3 
delivers 880 cfm at 1550 rpm and requires 0.026-hp 
in NEMA free air test, delivers 580 cfm at 1550 
rpm at pressure of 0.100-in. of water and requires 
0.021-hp in NAFM code test; ratings of other models 
fall between these values. 

Design: Three-blade fans of mill-finish aluminum; 
carefully aligned and profiled to uniform contour 
but not statically balanced; pierced for all unit bear- 
ing motors; available in other pitches; available of 
steel on special order. 
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HEAVY-DUTY TERMINALS 
. .. may be used with various wire types 


Aircraft-Marine Products Inc., 2100 Pazton St., Har- 
risburg, Pa. 


42 





r 


(ace 


Characteristics of the crimp ~*~ — re 
permit these terminals to be a, we te 
used with solid, stranded or - \ 


irregularly shaped wires 
singly or in combination. 


Size: For No. 8 through No. 4/0 wire. 

Service: Terminating wires for connection with studs 
or screws; current-carrying capacity is high; grip 
on wire exceeds Underwriters’ specifications; re- 
sist corrosion. 

Design: Flag-type terminal made of pure copper and 
electrotinned; inner surface of barrel is indented to 
assure positive grip on wire; barrel seams are 
brazed to present even crimping surface; hand and 
power tools available for installing. 


For more data circle MD-42, Page 297 





SN a 


Design: Single-pole, 


SOLENOID CONTACTORS 43 


. . » for ambient temperatures to 120 C 
Guardian Electric Mfg. Co., 1621 W. Walnut St., Chi- 


cago 12, Ill. 


Constructed in accordance with 
MIL-R-6106 specification, these 
contactors are hermetically 
sealed and extremely rugged. 


Designation and Size: G-55335-A 
is 234 in. by 3 in. by 3.406 in. 
high and weighs 1.3 lb; G- 
55759, G-54978 and G-54978-A 
are 2% in. by 23% in. by 4% 
in. high and weigh approxi- 
mately 2 Ib. i 

Service: Maximum operating voltage, 29 v dc; pickup 
voltage, 18 v; dropout voltage, 7.0+5.5 v; coil cur- 
rent, 0.5-amp at 24-28 v dc; withstand 50g shock; 
not affected by dust or moisture; meet MIL, AN 





and JAN resonance requirements; for continuous 
operation; 
Model Resistive Load Inductive Load Motor Load 
(amp) (amp) (amp) 
G-55335-A 50° 50* 50° 
25t 25 25t 
G-55759 100 50 100 
G-54978 250 100 250 
G-54978-A 200 100 200 





* Normally open contacts, t Normally closed contacts. 

double-throw and _ single-pole, 
single-throw contactors; steel enclosures; black lus- 
terless finish per Federal specification TT-C-595 
units are normally grounded but can be furnished 
ungrounded; stud connections for contact and coil 
terminals; all contactors have mounting lugs. 
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POTENTIOMETER ELEMENT 44 
. .. made of conductive plastic 
Markite Corp., 155 Waverly Place, New York 14, N. Y. 


Conductive plastic 
material has very 
high wear resistance, 
assuring long life 
with high accuracy. 


Designation: Type 2028. 

Size: 11 in. total length, 10 in. conductive length; %- 
in. wide, 0.020-in. high base; 0.024-in. total height. 

Service: For varying electrical resistance linearly; 
total resistance 20,000 ohm +5%; linearity +1%; 
resists vibration, wear and corrosion; tests run for 
8000 to 10,000 operating cycles show retention of 
original resistance and linearity. 

Design: Resistive track of conductive plastic molded 
in rigid asbestos-filled phenolic insulating base; 
base has same thermal expansion rate as resistive 
track; elements of higher precision available as 
specials. 
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a+ In this photo you will find a Johnson Sleeve 
Bearing of every type used in industry. Various 
A alloys ... bronze, babbitt or aluminum . . . can 
be selected . .. and different combinations with 
bronze or steel are available. Johnson Bronze 
facilities make possible a size range from tiny 
bearings up to King Size, 14” OD, 17 inches in 
length. Since Johnson Bronze produces all the 
types of sleeve bearings, their engineers can 
give you unbiased advice on the bearing best 
suited to your application. 
JOHNSON BRONZE COMPANY 

©e OF SLEEVE 525 South Mill St. e New Castle, Pennsylvania 
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GLASS FIBER MAT 45 
. - » for plastic reinforcement 


Ferro Corp., Fiber Glass Div., 200 Woodycrest Ave., 
Nashville 20, Tenn. 


Almost pure white, this mat 
may be used to reinforce plas- 
tics of very light shades with- 
out stains or _ discoloration 
where the mat is close to a 
product’s surface. 


Designation and Size: Uniformat 
GP and HSB; 50 in. widths; 





Size Weight per 
Designation Square foot Length Pound 
(oz) (ft) (sq. ft.) 
1% 1% 150 10.7 
2 2 125 8.0 
3 3 100 5.3 


Form: Bonded glass fiber mat. 

Service: GP is for matched metal-die plastic molding; 
resists washing and tearing; also for periodic or 
continuous dip impregnation; will retain integrity 
during and after impregnation; HSB is for atmos- 
pheric cure work produced by bag molding, tailoring 
or hand lay-up methods. 

Properties: Mat is made from 14,000 yd per lb strands 
cut to 2 in. lengths and matted, strands each contain 
204 continuously drawn filaments; mats have uni- 
form weight, texture and color; GP binder is in- 
soluble in styrene component of polyester resins, 
HSB binder is soluble; rate of solubility of HSB 
binder is such that mat retains its strength until 
gelling of plastic has started. 


For more data circle MD-45, Page 297 


AIR VOLUME BOOSTER 47 
. .- has high volume output with low input 


Kendall Controls Corp., 144 Moody St., Waltham 54, 
Mass. 


Converts signal pressure to 
high volume output at pres- 
sure equal to signal pressure 
within one per cent. 





Designation: Model 20. 

Size: Has %-in. pipe threaded inlet, outlet and sig- 
nal ports. 

Service: Delivers air at pressure equal to or %, %, 
2 or 3 times signal pressure; output pressure main- 
tained within 1% of correct ratio to air pressure; 
will pass 35 cfm free air with 90 psi supply; will 
respond to signal pressure changes of %4-in. of wa- 
ter or less; reverses from forward to relief flow 
with less than +2 in. water detent; easily serviced 
without disconnecting piping. 

Design: Diaphragm-pressure controlled air valve; deep- 
convolution, high-strength compensating and con- 
trol diaphragms; 6 large exhaust ports; neoprene 
O-ring valve-seat seals; removal of 3 screws per- 
mits removal of screens, supply valve, inner relief 
valve, and supply seat ring for servicing; die-cast 
black-anodized body and bonnet; heat-treated and 
polished stainless-steel inner valves and seat rings. 
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MINIATURE MOTOR 46 
. .. weighs less than four ounces 


Connecticut Telephone and Electric Corp., Meriden, 
Conn. 


Though small and light, this 
motor is capable of withstand- 
ing 2000g shock. 





Size: 1 by ly by 2% in. 

Service: Operates on 12 v dc; maximum no-load cur- 
rent is 220 ma; maximum load current is 510 ma; 
no load speeds from 8000 to 12,000 rpm; develops 
2 w maximum output at 6850 to 8350 rpm; for 
continuous or intermittent duty; withstands tem- 
peratures of —50 to 140 F. 

Design: Permanent-magnet dc motor; die-cast hous- 
ing and end bell; commutator molded to stainless- 
steel shaft; mounted by four holes in base. 
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VIBRATORY FEEDER 48 
... controls feed rate of bulk materials 
Syntron Co., 260 Lexington Ave., Homer City, Pa. 


Small and compact but 
will feed up to 500 Ib 
of material per hour. 





Designation: Model F-00. 

Size: 7% in. high, 14 in. long with feed trough, base 
plate is 4% by 5% in.; shipping weight of feeder 
and controller is 32 Ib. 

Service: Feeding sand, powder or granular materials 
or small parts; feed rate controllable; operating 
voltage either 110 or 220 v ac; power consumption 
is 15 w when operating on 110 v 60 cycle ac; re- 
quires little maintenance. 

Design: Electromagnetically vibrated trough and con- 
trol-power supply unit; control-power supply unit 
consists of dry-disk rectifier and rheostat; feed 
trough may be flat, tubular, half round or V-shaped; 
dust seals for flat pan feeders are available; also 
available in larger sizes. 
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CAM ACTION IMPROVED with “uLTiROL® BEARINGS 





under heavier loads e with shock resistance e and space economy 


Modern demands for faster, more automatic ma- 
chines necessitate a new approach to cam action 
efficiency. Improvised bolt and roller units are no 
longer adequate for this mass production machine 
age. 

Machinery manufacturers are finding that even at 
slow speed, it is difficult to carry the usual heavy 
radial and intermittent shock loads of cam applica- 
tion efficiently on plain bearings or standard anti- 
friction ball and roller bearings. With increasing 
speeds, and lubrication limited by the desire for 
simplified design, the plain bearing wears exces- 
sively and fails early. Ordinary ball or radial roller 
bearings used on a shaft as cam followers have a 


(wd 





tendency to split in the outer race because of the ex- 
cessive strain on the thin and superhard race sec- 
tions. 


One bearing that has proven particularly success- 
ful in cam follower applications is the Multirol CF 
series full type roller bearing. This bearing is built 
especially for the repeated shock loads of typical 
cam action operations. The outer race section is not 
only heavy radially but is also martempered to com- 
bine maximum toughness with adequate surface 
hardness for withstanding the punishment of cam 
applications. The outer ring operates on a full com- 
plement of small diameter rollers so the load is 
evenly distributed over a greater bearing surface. 
The inner race and flange are made in a single 
piece with the stud, preventing any possibility of 
disassembly in operation. Greater accuracy is 
maintained throughout longer bearing life and, com- 
pared with plain bearings, both starting and rolling 
friction are reduced to a minimum. As a result in- 
ternal wear is diminished and power requirements 
of Multirol bearing equipped machines are appre- 
ciably lessened. 


Load Capacity Comparison 

To illustrate the increased capacity of the Multirol 
CF, here is a comparison between a Multirol CF-1 
bearing and a corresponding friction type roller, 
making use of the maximum permissable bearing 
pressures in pounds per square inch of projected 
area. The CF-1 bearing will have a maximum of 
2240#_ while the equivalent friction type roller would 
have a capacity of less than 400#. 
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What This Means in 
Terms of Performance 


The James Hunter Machine Co., 
of North Adams, Massachusetts 
replaced units consisting of a 
standard roller bearing and 
hardened roller with Multirol Cr 
bearings on eccentric cams that 
actuate rake teeth in their wool 
washers. The changeover re- 
duced their original and replace- 
ment costs over 10% and re- 
duced maintenance to occasional lubrication. Where previously, 
rollers only lasted a maximum of several months, no replace- 
ments have been required with the Multirol bearings. As a result, 
the Multirol Bearings solved a trouble spot that brought in many 
customer complaints. 








Crown Rheostat and Supply Company of Chicago uses up to 
200 Multirol Cam Followers as guide and support rollers in the 
travel and transfer mechanism of their cleaning, plating, and dry- 
ing machines. Formerly trolleys were suspended from rails but 
the cam follower units proved to be a more precision means of 
friction reduction and added stability to the supporting arms. 


} Other MGILE Bearings — 





GUIDEROL CT 


MULTIROL CYR MULTIROL SE 


A new 140-page Bearing Reference Guide complete 
with 30 pages of vital engineering data has just been 
released by the McGill Manufacturing Company. It 
has the full story on the advantages of Multirol CF 
Bearings as well as information on the Multirol CYR, 
Multirol SE and Guiderol Bearings. Send now for 
your copy of McGill Catalog No. 52. 


Ms G I L Wy — Precision Bearings 


McGILL MANUFACTURING COMPANY, -INC. 
200 N. Lafayette Street, Valparaiso, Indiana 
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AIR PUMPS 49 | CIRCUIT SELECTOR SWITCHES 51 
. .. keep system oil free .. . for explosionproof service 
Romec Div., Lear Inc., Elyria, O. G. H. Leland Inc., 123 Webster St., Dayton 2, O. 














Self - lubricating carbon- 
graphite composition pump 
rotor blades and thrust 
plates prevent oil from con- 
taminating air. 








Container made of heavy- 
gage aluminum meets ex- 
plosionproof requirements of 






Designation: Series RG. 


4 














































Size: MIL-E-5272, procedure 2. 
Model Length Width Height Port Size Weight 
No. (in.) (in.) (in.) (NPT, in.) (ib) 
RG-5860 7 4 5% % 13.25 
ce, a a a 
- 9 6 6 % 27.5 
RG-5920 ne ot 8 % 36.2 Designation: Ledex. 
me aeee rr 4 on Sit = 1 Service: Selecting practically any number of elec- 


trical circuits; operate from 2 to 550 v dc; require 
power input of 60 to 100 w; wide variety of con- 
tact ratings available; circuit selection may be 
sequential, or instantaneous selection of desired 
circuit can be made; speed of operation is 35 to 40 
steps per second when self-stepping; switch as- 
sembly may be located remotely from control po- 


Service: Pumps require no lubrication; no signs of 
failure after 5000-hr test runs; all pump parts easily 
accessible; may be used as vacuum or pressure 
pumps; discharge pressure is 10 psi for all; vacuum 
is 20 in. Hg for all; all motors are rated 115-230 v 
60 cycle ac, 1725 rpm; pump wear taken up auto- 


matically; came 
Capac- Capac- Capac- Capac- sition. , 
Model ity* ity} Motor Model iity* ity# Motor Design: Conventional ganged, wafer-type rotary se- 
No, (cfm) (cfm) (hp) No, (cfm) (cfm) (hp) lector switches driven by rotary solenoid; clips and 
oo ye S32 is See 4 0.6 3 rotors of switches are heavily silver-plated tempered 
’ , . “5930 4. - of brass; solenoid controlled by manually operated ro- 
— a, —s - tary switch or pushbuttons; all parts may be cad- 
*Free flow. tAt 20 in. Hg vacuum. ‘ mium or chrome plated to meet military specifi- 
Design: Pump-motor combination; motors are split- cations; coil treated to prevent deterioration; wafer 
phase or capacitor start, single-phase; pumps as- sections have 8, 10, 12 or 18 contacts; switches 
sembled directly to motor shafts; pump rotor and constructed to meet users specifications. 
four sliding blades are only moving parts. 
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TRANSMISSION BELT 50 | DIESEL ENGINE 52 
. «+ has increased flexibility . .- compact and light, develops 165 hp 


B. F. Goodrich Co., Akron, O. Buda Co., Harvey, Ill. 


Use of rayon fabric gives up to ten times greater 


flex life than that of belts using cotton fabric. Overall length of this 6 
cylinder engine is claimed 
Designation: Drivesall. to be within %-in. of an 


aircooled V-8 diesel en- 


Size: Any length to 500 ft; 3-ply belts are ,4-in. thick, gine 


weigh 5.7 lb per in. of width per 100 ft length and 
are available in 1, 1%, 2, 2% and 3 in. widths; 4- 
ply belts are 4}-in. thick, weigh 7.9 lb. per in. of 
width per 100 ft length and are available in 2, 3, 
4, 5, 6 and 8 in. widths; 5-ply belts are 43-in. thick, 
weigh 10.0 lb per in. of width per 100 ft of length 
and are available in 6, 8 or 10 in. widths; 6-ply belts 





Designation: Model 6-DAS-516. 

Size: 47% in. long, 32}4 in. wide and 47,% in. high; 
weighs 1825 Ib with electrical accessories and air 

are }i-in. thick, weigh 12.2 Ib per in. of width per compressor; SAE No. 2 flywheel housing; 4r in. 


: bore, 5;% stroke, 516 cu in. total displacement. 
100 ft of length and are availabl 6, 8, 10 or 12 ° ‘ : 
in. widths. - ag biteats Service: Maximum bhp is 165 at 2400 rpm; maxl- 
mum torque is 402 lb-ft at 1600 rpm; rotation, 
clockwise, viewed from timing gear end. 


Design: Overhead valve, 4-cycle, 6-cylinder, full die- 


Service: Power transmission; resist moisture; stretch 
is 50% less than that of cotton belts; 








Transmission Rating sel engine; crankshaft is fully counterbalanced heat 
- at 1000 at 2000 at 3000 at 4000 at 5000 at 6000 treated forging, all journals Tocco hardened; re- 
es rpm rpm rpm rpm rpm Tpm ry ry . -ni t 
movable wet sleeve cylinder liners; one-piece cas 
No.) hp) h h h h h : 

' “ sys re - 4 o> a iron crankcase and cylinder block; steel backed 
eeees ° . ‘ ° ¥ 5 : , . alu- 

Ge te'es 1.8 3.6 5.2 6.6 7.7 8.3 copper-lead connecting rod and main bearings; 
SB. vee 2.3 4.5 6.5 8.2 9.6 10.4 minum alloy pistons with 5 rings; chrome-nickel 
6...+. 2.8 5.4 7.8 9.9 11.5 12.5 steel inlet’ valves; exhaust valves have silichrome 


Design: Square-edged rayon fabric and rubber belts; XB stems and austenitic steel heads; full pressure 
plies are seamless; fabric is full width; tan in color oiling system. 
with gray edges. 


For more data circle MD-50, Page 297 For more data circle MD-52, Page 297 
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1. MULTIPLIES Bearing Life! 

2. CUTS Product Spoilage! 

3. BOOSTS Machine Output! 
Millions of actual machine hours on 
countless installations prove Alemite 
Oil-Mist is the most efficient automatic 
lubrication system you can specify. 
Easy to incorporate into new projects 

. just as easy to use in modifying 
existing designs! Oil-Mist can bring 
impressive savings in man-hours, 
bearing life, lubricant, decreased 








HOW IT WORKS: 





product spoilage . . . can save its cost 
over and over again! 

This is an amazingly simple system 
of lubrication, which applies a clean, 
cool, constant and uniform film of oil 
wherever it is needed—to groups of 
bearings, slides, chains, gears—to any 
moving part. Oil-Mist is unique. The 
lubricator has no moving parts, oper- 
ates on compressed air, and is com- 
pletely automatic—proved completely 
foolproof. 


hroved/ by thousands of hours...on thousands of machines! 


ALEMITE OIL-MIST LUBRICATION, 


the most efficient lubricating 
system ever devised! 





The Oil-Mist Lubricator atomizes oil into microscopic vaste which 


:O are } carried | in the air stream and distributed through tubing to bearings 








Oil-Mist airborne lubrication is ac- 
complished this way: Compressed air 
entering the unit passes through air 
regulator (1) and air gauge (2). As 
this air passes through venturi (3) it 


draws oil from reservoir (4). Oil flow 


Alemite Oil-Mist offers all these lubrication advantages 


is set by knob (5). The mixture of air 
and oil from the venturi is thrust 
against baffle (6). Only the most 
minute, lighter-than-air particles are 
blown through outlet (7) into delivery 


line to lubricate bearings 





Automatic Lubrication * Continuous Lubrication ® Eliminates Guesswork ® Cuts Oil Consumption up to 90% 


Extension of Bearing Life ® Stops Oil Drippage © Reduction of Bearing Temperatures ® Greater Safety 


Reduction in Number of Lubricants ® Protection from Contamination ® Elimination of “Down-Time” ® Manpower Savings 


delivers oil to bearings 3ways 


1. Oil-Mist as Such. Most commonly applied to any type 
. of anti-friction bearing — ball, roller or needle. 





® Oil-Mist outlet 4” fem. p.t. Air gauge 
registers to 50 psi. Operating 
air pressure—5 to 20 psi. 

* Air regulator (A) reduces from 
pressures up to 200 psi. Normal 
air consumption—.7 to 1.2 cfm. 


















®@ Range of oils handled—to 
1,000 sec. (S.U.V.) @ 100°F. 

® Oil reservoir (B) capacity 12 oz. 
(approximately 1 week supply). 


2. Oil in Spray Form. For open and enclosed gears 
and chains. Nozzle partially condenses mist so that 
it can be directed on to a concentrated area. 





Intake filter screen—70 mesh. 
Fill plug—%o”. 

® Material—die cast aluminum body with nylon 
plastic window. 









® Baffle-type water separator (C) —automatic self-dumping. 
Requires no manual attention—no filter elements 
to replace. Air inlet 4%” fem. p.t. 


® Solenoid Control (D) starts system automatically 
when machine starts—foolproof. 


Alemite OIL-MIST Lubrication 
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Write Today! this Oil-Mist Catalog and 
Engineering Data Book is FREE for the asking. 
Write now for your copy. Alemite, Dept. R-43, 
1850 Diversey Parkway, Chicago 14, Illinois. 


iil 3. Oil-Mist Condensed. For plain bearings, slides, ways, 
vees, cams and rollers. In these applications, condens- 
ing fittings convert oil-mist to liquid oil. 










































PRECISION POWER SUPPLY 53 


... uses three-phase, high-voltage input 
Inet Inc., 8655 8S. Main St., Los Angeles 3, Calif. 


High power dc source for 
digital and analog computers, 
business machines and preci- 
sion electronic equipment. 





Designation: Type RR-200-15, Style FSPPSF. 

Service: Providing closely regulated high voltage, high 
current dc power; regulation, 0.2%; ripple, 0.01% 
rms if desired —0.5% standard; low maintenance 
because of no moving parts and no vacuum tubes; 
compact size; output, 15 amp at 200 v dc; input, 
208 v ac +10%, 3-phase, 60 cycles +3 cycles. 

Design: Selenium rectifier, magnetic amplifier regu- 
lated; equipment available for 230 and 460 v 3- 
phase input power; 14 gage steel cabinet optional; 
units available in indoor floor-standing cabinets, 
caster-mounted cabinets or for relay rack mounting. 


For more data circle MD-53, Page 297 





MAND POLARISCOPE 55 
. . » detects glass or plastic strains 


Pacific Transducer Corp., 11921 W. Pico Blvd., Los 
Angeles 64, Calif. 


Objects are examined be- 
tween polarizer and analyzer 
using any moderate-intensity 
light source. 





Designation: 242.3. 
Size: 3 in. diam; 3% in. space between filters. 


. Service: Detecting strains in glass, clear plastics and 


glass-to-metal seals; has fixed polarizer at one 
end of frame; analyzer, rotatable through 180 deg, 
is located at other end of frame. 

Design: Polaroid filters; nonrusting oxidized metal 
frame; hand-held. 


For more data circle MD-55, Page 297 





SERVO TESTER 54 
. «+ provides quick analysis of servo loops 
Industrial Control Co., Wyandanch, L. I., N. Y. 


Servo response shown on 
CRO screen is compared 
to manufacturer’s speci- 
fications drawn on trans- 
parent mask. 


Designation: 101-A. 

Service: Checking, adjust- 
ing and maintaining servo systems using no addi- 
tional instrumentation; special masks are prepared 
with outline of correct transient response and num- 
bers describing test conditions, e.g., peak output 
displacement, sweep period, carrier phase and fre- 
quency; front panel controls are set by mask data; 
tester connected by a standard cable to a servo test 
receptacle on equipment; a forcing voltage, injected 
into error channel through this cable, drives loop 
into a periodic transient; output transient appears 
on 3 in. cathode ray oscillograph screen; correspond- 
ence between screen trace and mask outline is used 
for acceptance, adjustment or replacement of servo; 
period—0.2, 1 and 5 seconds; y-axis sensitivity, 0.5 
v de per in. max; power requirement—117 v, 60 or 
400 cps, 45 w. 

Design: Transient signal generator circuit with syn- 
chronized sweep circuit. 





For more data circle MD-54, Page 297 





SEQUENCE CAMERA 56 
. . » produces large pictures at high speed 


Charles A. Hulcher Co. Inc., 40 Manteo Ave., Hamp- 
ton, Va. 


Takes pictures on 7- 
mm film at rates up 
to 25 five-inch frames 
per second or 50 two 
and one-half inch 
frames per second. 





Designation: Hulcher 70. 

Size: Without lens, 16.67 in. long, 10.75 in. wide, 13.00 
in. high; weight, 32 Ib. 

Service: Producing pictures as large as stills in se- 
quence as fast as movies of parts or units in mo- 
tion; film is held in flat plane and is not in mo- 
tion during period of exposure; also takes stereo 
pictures by inserting two lenses in lens plate; stereo 
pictures taken at speeds up to 25 double frames 
per second with each picture 24% x 2% in.; 1/1200- 
second film exposure; focusing provided by means 
of reflex type viewfinder; power requirement—110 
v ac or de. 

Design: Double rotating disk-type shutter; no lens is 
supplied but is equipped with lens plate to fit 7-in. 
focal length Eastman Kodak Aero Ektar f/2.5 lens; 
can be adapted for wide range of lenses; 28 v dc 
models available. 


For more data circle MD-56, Page 297 
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Facts about 
HELI-COIL inserts 
you should know 





W hat they are 


Heli-Coil* screw thread inserts are pre- 
cision formed coils of stainless steel or 
phosphor bronze wire. Wound into tapped 
holes, they form permanent, non-corrosive, 
strip-proof threads of astonishing strength. 
Available for National Coarse, National 
Fine and Unified threads, pipe threads 
and spark plug threads. They are made 
in all standard sizes and lengths for assem- 
blies requiring Class 3, 3B, 2 or 2B fits. 


W hat they are for 

AS ORIGINAL COMPONENTS: Helii- 
Coil inserts are used to provide stronger, 
lighter fastenings, corrosion-proof, wear- 
proof threads in all assemblies. 


FOR PRODUCTION SALVAGE: 
When conventional tapped holes are dam- 
aged in production, restore them on the 
line with Heli-Coil inserts. Get better- 
than-original strength with no increase in 
screw size and no tell-tale signs of rework. 


FOR SPEEDY REPAIRS: When tapped 
threads wear, strip or corrode in service, 
renew them in minutes on location in 
shop or field with Heli-Coil inserts. No 
welding—no plugging—no secondary 
machining—no oversize screws. 


How they work 

Holes are drilled and tapped as you do for 
ordinary threads—then Heli-Coil inserts 
are wound into tapped holes by hand or 
power tools. Install in a few seconds, as- 
sure thread protection forever. Can be 
used in any metal wood or plastic. 


No other method is so simple, 
effective and practical. 


W hat they do for you 

Heli-Coil inserts save money because they 
strengthen threads and make fewer smaller 
fastenings do the same holding job. They 
make lighter bosses and flanges practical 
and they save weight in two ways: (1) by 
permitting use of cap screws, instead of 
bolts and nuts; (2) by allowing use of 
smaller, shorter, fewer cap screws. Heli- 
Coil inserts protect your product from 
thread wear, galling and stripping for 
life in every kind of metal, in plastics or 
wood. They preserve customer good-will 
by preventing product failure, due to 
thread fault. Heli-Coil inserts improve 
the end product, cut rejects, salvage 
threading errors. 


Best time to put Heli-Coil inserts benefits 
to your use is right at the designing board, 
a; many leading manufacturers are doing. 
But to convince you of their many advan- 
tages ask for a working demonstration 
tight on your production line. Write to- 
day! Complete information and engi- 
neering data is available in the Hels-Coil 
catalog. Use Coupon! 


*Reg. U.S. Pat. Off. 


Approved for All Military 
and Industrial Uses 
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ff savings 
é© wrapped up in 






inserts 


These savings are multiplied 
into major profits 
this simple way 


Use Heli-Coil* Inserts to: 


1 Save money by using fewer and smaller screws to do 
the same holding job. 


Save material—lighter bosses, thinner wall section, 
smaller flanges. 


Save weight and reduce bulk in assemblies. 


Save assembly time by using cap screws instead of nut- 
and-bolt assemblies. 


Save rejections in production. Threads damaged on the 
line are quickly repaired. You save time. Reduce scrap. 


Save on field service costs. No field damage to threads 
—fortified by Heli-Coil inserts. 


Save customer good will by eliminating product failure 
due to thread fault. Every thread in your product is 
made stronger, longer wearing with Heli-Coil insert 
protection. 


J GD Gol t= Cra 


Use the handy coupon to get free sample Heli-Coil inserts plus 
all the data you need to design these savings into your product. 

















5 
HELI-COIL CORPORATION ,; 
i 124 SHELTER ROCK LANE, DANBURY, CONN. § 
I [1] Send samples and Handbook 652, a complete design manual. t 
, () Send samples and put my name on list to receive “Heli-Call,” ‘ 
I case history periodical. . 
t 
i NAME TITLE I 
I i 
1 COMPANY. ‘ 
1 i 
I appress. i 
I | 
, CITY. ZONE STATE @ 2012 i 
i sens ath ame aun dn ath ae aes am anenn dines anaenanenens en ana mnas 
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FREQUENCY-TIME COUNTER 57 
. « » has speed, accuracy and simplicity 


Potter Instrument Co., 115 Cutter Mill Rd., Great 
Neck, N. Y. 


Small low-cost instrument 
with wide range of meas- 
urement facilities. 


Designation: 840. 

Size: 17% in. wide, 10% in. 
high, 16% in. deep; weight, 
55 Ib. ig eee 

Service: Measuring frequencies, periods, time intervals 
and frequency ratios; use as totalizing counter and 
direct reading rpm tachometer; direct frequency 
measurement, 0 to 100 kc; period measurement, 
time for 1 or 10 cycles; time interval measure- 
ment and relay contact timing range, 10 micro- 
seconds to 100,000 seconds; measures ratios of two 
external frequencies; secondary frequency standard 
for 1 cps, 10 cps, 100 cps, 1 ke and 100 kc; counter 
rates, up to 150 kc; input sensitivity, 0.2-v min; 
power requirement—105-125 v, 50-60 cycles, 250 w. 

Design: Five-decade electronic counter with input, 
gating and switching circuitry; 100 kc crystal oscil- 
lator; crystal-controlled time base; accessory con- 
nector for photoelectric or electromagnetic pickup; 
several models and modifications available. 


For more data circle MD-57, Page 297 


OSCILLOSCOPE RECORDING CAMERA 59 
. . « has three modes of operation 


J. A. Maurer Inc., Photographic Instrumentation Div., 
37-01 31st St., Long Island City 1, N. Y. 


Provides recording in 
the forms of still pic- 
ture, continuously mov- 
ing film, and drum pho- 
tography. 


Designation: M.731. 

Size: 13 in. wide, 13 in. high, 12 in. deep. 

Service: Providing records for measurement of phe- 
nomena displayed on a cathode ray tube; continu- 
ous feed mechanism provides for the movement of 
25 ft of sensitized material at rates from 0.4 to 
100 in. per second; drum attachment, carrying 20 
in. of sensitized material, provides linear speeds 
from 4 to 1200 in. per second; perforated or un- 
perforated film or paper of either 35 mm or 70 mm 
width may be used; 25 runs are possible for drum 
operation without removal of drum because of 50 ft 
film capacity magazine; shunt wound, 6-volt driv- 
ing motor provides wide range of speeds. 

Design: Electrical contacts provided to trigger oscillo- 
scope in order that drum type record is made for 
only one revolution of drum; second electrical cir- 
cuit permits synchronization of external events; 
standard lens is 3-in. foca] length f/1.9; other lenses 
available. 


For more data circle MD-59, Page 297 








METER MATCHER 58 
. . . reduces fest-circuit loading 


Keithley Instruments, 3868 Carnegie Ave., Cleveland 
15, Ohio 


Practically eliminates 
voltage and power 
measurement errors 
caused by the meter 
currents. 


Designation: Model 105. 

Size: 17 in. wide, 9 in. high, 10 in. deep; weight, 45 Ib. 

Service: Matching voltmeters or wattmeters to cir- 
cuits under test.to reduce loading; aids in measure- 
ment of synchro outputs and other linear and non- 
linear circuits affected by meter currents; test cir- 
cuit is connected to input of meter matcher and out- 
put is connected to a voltmeter or voltage coil of a 
wattmeter; input current, 150 microamp max; ac 
input voltages—15, 75, 150, 300, and 600; output 
current, 0.05 to 0.07-amp; max ac output voltage, 
150; output impedance, equivalent to 1 ohm in series 
with 15,000 microfarads; frequency response, 5 to 
20,000 cps; power requirement—110-120 v, 50-60 
cps, 200 w. 

Design: Power frequency amplifier with voltage di- 
vider input. 


for more data circle MD-58, Page 297 





ELECTRONIC RECORDER 
... used with analog computers 
Goodyear Aircraft Corp., Akron 16, Ohio 


Provides for remote opera- 
tion of computer systems by 
built-in control units. 


Designation: R5 GEDA. 

Size: Desk height. 

Service: Recording data from 
analog computers; six record- 
ing channels are _ provided 
either in curvilinear co-ordi- 
nates or rectilinear co-ordinates as operator de- 
sires; operator may sit at console which has ample 
writing and storage space for records and logs; 
sensitivity, continuously variable from 0.01 to 100 
v per mm; input impedance, 2.5 megohms on 0.01 
to 0.1-v per mm range and 10 megohms on all other 
ranges; frequency response, essentially flat to 100 
cps when ink pens are used; accuracy limited only 
by linearities of pen motors; power requirement— 
105 to 125 v, 60 cycles, 350 w. 

Design: Electronic recorder using six dc amplifiers; 
ink pens used on rectilinear co-ordinates; desk-type 
console. 


For more data circle MD-60, Page 297 
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STRAIGHT 
y D ee L 






Wherever the jobs . . . and the loads. . . are big, 
you'll find radial roller bearings smoothing the 





path of power, because radial roller bearings give the 


greatest load-carrying capacity within given bound- 





ary dimensions. And, whenever radial loads enter 
the picture, design engineers naturally turn to Hyatt 
for the most complete line of radial roller bearings 
available anywhere. The wide range of Hyatt 


Roller Bearing sizes and types allows the engineer 





greater design flexibility, makes his job easier. If you 


are not familiar with the complete Hyatt line, write 
for our general catalog No. 150. Hyatt Bearings 
Division, General Motors Corporation, Harrison, N. J. 
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PLASTIC TEMPLATE 61 
.. . for hex or square screw heads and nuts 
Rapidesign Inc., P.O. Box 592, Glendale, Calif. 


Speeds the drawing of top . ; 
views as well as side views e . nh one 
of screw heads and nuts. : 





Designation: 57. 

Size: 7% in. wide, 5 in. high, 0.030-in. thick. 

Service: For general purpose drafting; covers 13 
hexagon screw heads and nuts from \-in. to 1 in. 
across flats in y;-in. increments; provides 9 squares 
for square screw heads and nuts in y,-in. increments 
from %-in. to %-in. across flats and in \-in. in- 
crements from %-in. to 1 in. across flats; pencil 
allowance for accuracy. 

Design: Cutouts arranged so that hexes, chamfer cir- 
cles, flat and screw body diameters can be drawn 
for each size and elevation; cutouts are precision 
smooth; made of matte finish plastic. 


For more data circle MD-61, Page 297 


OSCILLOGRAPH TABLE 63 
. » . movable and has tiltable top 


Allen B. Du Mont Laboratories Inc., 1500 Main Ave., 
Clifton, N. J. 







Ease of viewing cathode-ray 
oscillographs from either sit- 
ting or standing position is 
provided. 








Designation: Type 2602. 

Size: 19 in. wide, 365, in. high, 31 in. deep; weight, 
57 Ib. 

Service: Movable table for mounting cathode-ray oscil- 
lographs in tilted position; top tilts from horizon- 
tal plane to 20 deg angle; oscillographs can be 
placed at varying depths on tilted top with ad- 
justable bar which supports table; contains shelf 
and drawer for tools, auxiliary instruments and 
components. 

Design: Cold-rolled steel construction; standard Du 
Mont gray wrinkle finish; chrome supporting mem- 
bers; rubber-tired swivel casters. 
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ELECTRO-MECHANICAL INTEGRATOR 62 
. « « accurate, high speed and stable 


Instron Engineering Corp., 2 Hancock St., Quincy 71, 
Mass. 


Registers the time in- 
tegral of any dc input 
function on a mechani- 
cal counter. 





Designation: I-101, I-102. 
Size: 17 in. wide, 12 in. 
high, 10 in. deep; weight 35 lb. 


Service: Integrating stress-strain curves, analyzing 
graphical data, integrating rocket thrust, continu- 
ous process weighing, totalizing moisture determi- 
nations in paper, textile and chemical products; 
uses standard computor principles; input controls 
a variable speed motor whose total shaft rotation 
becomes a direct measure of the time integral of 
input function; integrated value is registered on 
mechanical counter; integrating rate, 5000 counts 
per minute; frequency response, 0 to 5000 cps; full 
scale input signal, +50 v dc; input impedance, es- 
sentially infinite; linearity, 1%; power required— 
110 v, 60 cycles, 50 w. 

Design: Velocity servo circuit controlling a variable 
speed motor coupled to a de tachometer; electronic 
integrator; stroboscopic calibration timer; resettable 
mechanical revolution counters; single or double 
counter models available; 50 cycle power require- 
ment models available. 
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EVENTS-TIME METER 64 
. .. counts to 1,000,000 pulses per second 


Berkeley Scientific Co. Div., Beckman Instruments 
Inc., 2200 Wright Ave., Richmond, Calif. 


High-speed electronic count- 
er records the number of 
events occurring during a 
precise time interval. 





Designation: Model 5558. 
Size: 20% in. wide, 19 in. high, 
15 in. deep; weight 120 lb. 
Service: Counting events occurring either regularly 
or with random distribution at rates from 20 to 
1,000,000 times per second; result displayed in dig- 
ital form on illuminated number panels of elec- 
tronic counting units; operates automatically or 
manually; when operated automatically, result is 
displayed from 1 to 5 seconds then recycles; when 
operated manually, result is displayed until reset 
button is depressed to obtain another reading; in 
“test” position complete check of unit can be made 
in 2 seconds; also operates as straightforward count- 
er; accuracy, +1 event; stability, 1 part in 10°; 

power requirement—105-130 v, 50-60 cycles. 

Design: Input circuit, electronic gate which is opened 
and closed by crystal controlled time base; elec- 
tronic counters and output circuitry; several modi- 
fied units available. 


For more data circle MD-64, Page 297 
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rontact KAYOON os waster 





KAYDON two-row Special Ball Bearings 


8.062" x 10.687” x .750” 


Dependable Life-Savers 


... KAYDON -bearinged 
“eqs HELICOPTERS 


ONTROL movements of Piasecki HUP Helicopters .. . life- 

savers of the air . . . are transmitted to the spinning rotor 
blade assemblies by means of a swash plate that moves on 
unique two-row KAYDON Special Ball Bearings. 


Control of the helicopter is obtained by the movement of its 
rotor blades. Each blade can move in six different directions 
while they are rotating. Thus the mechanism responsible for 
control movements is complex, important, and it demands the 
utmost in bearing-precision. 


KAYDON met the challenge of this intricate bearing-problem with 
these special two-row, thin section, 8.062” x 10.687” x .750” ball 
bearings. Similarly, KAYDON cooperates with designers of many 
types of precision equipment to achieve their objectives. 


FOR ALL TYPES OF BALL AND ROLLER BEARINGS: 4” BORE TO 120” OUTSIDE DIAMETER 





i i 
Beis J 


We specialize in large, thin-section, light weight precision 
bearings for Aircraft, Automotive and Industrial Equipment 


KAYDON Types of Standard and Special Bearings: 


Spherical Roller ¢ Taper Roller ¢ Ball Radial ¢ Ball Thrust 
e Roller Radial @ Roller Thrust ¢ Bi-Angular Bearings 
THE ENGINEFERIN G co RP. 





a MUSKEGON @® MICHIGAN 
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Purebon 


SOLVES MANY PROBLEMS 
caused by sliding or rotating 
parts which are DIFFICULT OR 
IMPOSSIBLE TO LUBRICATE 


A constantly increasing stream of problems are fac- 
ing engineers and designers today involving sliding or 
rotating parts where lubrication is difficult or impos- 
sible. For such applications, Purebon, the mechanica} 
carbon, is often the ideal answer. Typical applications 
are seal rings, bearings, pistons, piston rings, pump 
vanes, valve seats, meter discs, and a host of similar 
items. Purebon comes in a wide variety of grades. It is 
strong, tough, readily machinable and in many cases 
can be molded directly to size. 


Bulletin No. 52 tells the complete story of Purebon. 
Write for your copy today. 


PURE CARBON CO., INC. 


446 HALL AVE. ST. MARYS, PA. 
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OF MACHINES 


Former director of 
engineering at War- 
ner & Swasey Co., 
Cleveland, Myron S. 
Curtis has been 
named vice president 
of engineering. Mr. 
Curtis received his 
mechanical engineer- 
ing degree from 
Brown University 
and joined the Potter 
& Johnston Co. of 
Pawtucket, R. I. In 
1939 he resigned to 
become head of the 
Shell Lathe Develop- 
ment Project which 
was undertaken by 
the National Machine Tool Builders’ Association and 
the Army Ordnance Department. He joined the engi- 
neering department of Warner & Swasey the follow- 
ing year. A member of the planning committee 
formed to guide the company’s new product develop- 
ment, he has been largely responsible for the develop- 
ment of the Sulzer weaving machine. Named assist- 
ant director of engineering in 1945, he became director 
of engineering and a member of the board of directors 
three years later. Mr. Curtis has been awarded many 
patents in the machine tool field, and during World 
War I he received a citation from the War Depart- 
ment for the engineering and management of a plant 
for production of shells. 


Myron S. Curtis 


+ 


Angus A. MacDonald has been appointed assistant 
chief engineer in charge of two-way radio develop- 
ment in the Communications and Electronic Div. of 
Motorola Inc., Chicago. He will head a group in 
the development of mobile two-way radio equipment 
for use in public safety, land transportation, industrial 
and related fields. Before joining Motorola, Mr. Mac- 
Donald was a section manager with the Westinghouse 
Electric Corp. 


° 


New staff engineer in charge of engineering on the 
company’s program on aircraft hydraulic equipment, 
Kilbourne Knox Jr. recently joined Parker Appliance 
Co., Cleveland. He was a project engineer and pre- 
liminary designer with Spartan Aircraft Corp. and 
with Curtiss-Wright Corp., served as vice president 
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CESSNA’S HYDRAULIC PLANT 


ESSNA HYDRAULIC UNITS 
RE THOROUGHLY TESTED 





Rigid tests in the factory...and years of rugged work in 
the fields prove that Cessna hydraulic units perform 
efficiently under the most strenuous conditions. 

Cessna’s modern plant facilities and hydraulic en- 
gineering know-how can build your hydraulic units in 
quantity...faster...better...and at lower cost to you. 
Cessna is geared for quantity production of single com- 
ponents, self-contained hydraulic units, and complete 
hydraulic systems. Call on Cessna, today. 


HUTCHINSON, KANSAS 


Our “Flying” Sales Engineers are always 

ready to work with you in the development 

s of hydraulic units for your equipment. 
ndustrial Wire or write, todoy. 


COMPANY 
S$ @ U.S.A 





Men of Machines 





















and chief engineer of the Globe Aircraft Corp. and, 
until his new appointment, was senior designer on hy- 
draulic equipment with the McDonnell Aircraft Corp. 


° 


The board of di- 
rectors of Gisholt 
Machine Co., Madison, 
Wis., has elected Wer- 
ner I. Senger to the 
newly created posi- 
tion of vice president 
in charge of balanc- 
ing. Mr. Senger has 
been associated with 
the company for over 
35 years and has been 
in charge of balanc- 
ing machine develop- 
ment and engineering 
since 1924. He re- 
ceived his bachelor of 
science degree in me- Werner |. Senger 
chanical engineering 
from the University of Wisconsin and his master’s 
degree from Yale University. Recognized as a lead- 
ing authority on balancing, Mr. Senger has written a 
number of treatises on the subject, including several 
articles which have appeared in MACHINE DESIGN. 





° 


Curtis L. Bates has joined Ryan Aeronautical Co., 
San Diego, as assistant director of engineering. For 
ten years he has been associated with Northrop Air- 
craft Inc., and prior to that time served at Douglas 
Aircraft and as chief engineer of the Aero Industries 


| Technical Institute. He also spent some time in 


Sweden as structures engineer on Swedish military 
airplane developments. 


° 
J. F. Weiffenbach has been appointed to the position 
of chief product engineer of the manufacturing divi- 
sion of Fairbanks, Morse & Co., with headquarters in 


Chicago. He was formerly vice president in charge of 
manufacturing of the Canadian Locomotive Co. Ltd. 


. 


Included among appointments made recently in the 


| Motor and Generator Div. of General Electric are 


those of Charles J. Koch and Bascom H. Caldwell, 
named managers of engineering in the medium induc- 
tion motor department and the synchronous and spe- 
cialty motor and generator department, respectively. 
Mr. Caldwell will be located at the Lynn, Mass. works. 
He joined GE in 1935 after serving on the faculty o! 
the University of Texas where he received his master’s 
degree in electrical engineering. In 1946 he was named 
section engineer of dc motors and generators and be- 
came assistant manager of engineering four years 
later. He was manager of Lynn motor engineering at 
the time of his new appointment. Mr. Koch was 
among the first graduates of the co-operative course 
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will increase your production with 
ADJUSTABLE SPEEDS FROM A-C. CIRCUITS 





The Original Packaged 
All-Electric, Adjustable-Speed 
Drive for A-c. Circuits 


a} 
‘rar 








Conveniently packaged, factory-wired 

VS Drives are available from % to 

300 hp. Two or more motors may be 

operated simultaneously from a single 
Control Unit. 











CONVENIENT CENTRALIZED CONTROL — 
V*S Drive makes speed changing so 
easy and convenient that the most eco- 
nomical speed for every operation can 
always be used. Convenient-to-operate 
controls are grouped and located where 
your operator can easily, quickly and 
safely control all functions of his ma- 
chine. Controls may be at the machine, 
or at any remote location, as desired. 


STEPLESS SPEEDS—V* S Drive offers an un- 
limited range of stepless speeds. Opera- 
tors may change to any speed while 
machines are running, or may pre-select 
any speed while machines are at rest, 
by merely turning the speed adjustor. 


CONTROLLED ACCELERATION AND DECEL- 
ERATION—V*S Drive provides positive 
all-electric control of torque for break- 
away and for acceleration or decelera- 
tion. Speed changes may be rapid or 
gradual, and as frequent as desired. 
Shockless speed changing with V*S 
Drive avoids damage to delicate mate- 
rials or fabrics. 


QUICK, SMOOTH STARTS AND STOPS— 
Quick starts and stops cut lost time be- 
tween operations. With V*S Drive, any 
load can be stopped quickly and smooth- 
ly, from either high or low speeds, 


through positive electrical braking that 
never wears out or needs adjustment. 


FAST, FULLY CONTROLLED REVERSING— 
V*S Drive reverses almost instantly 
even from high speed. Frequent rever- 
sals present no problem. Reversal may 
be from low to high speed, or vice versa. 


INCHING, JOGGING, CREEPING—V*S 
Drive provides inching, jogging, and 
creeping, for setting up, threading, 
positioning, or inspection. Operator 
can slow down a machine for inspec- 
tion, then accelerate quickly and exactly 
to previous working speed. 


ABSOLUTELY UNIFORM TENSION—V*S 
Drive maintains proper tension for roll- 
fed materials so that quality is unvarying 
throughout and all finished rolls are 
uniform. Succeeding operations are 
simplified and productivity of machines 
is increased. Shutdowns and rejects due 
to breakage of material, or fluctuations 
in quality, are virtually eliminated. 


MULTI-MOTOR OPERATION—The V*S sys- 
tem makes it possible to apply power to 
two cr more points in a machine or to 
operate separate sections of a machine 
tied together as a process. Speeds of 
motors can be synchronized to any de- 
sired degree. D-1455 


The Most Effective Method of Power Transmission in Industry! Write today for 
VxS application information and selection data. Ask for Bulletin D-2311. 
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Men of Machines 





in electrical engineering organized by MIT and GE. In 
1924 he received his master’s degree and joined the 
company on the test course in the induction motor 
engineering department. In 1939 he was appointed 
assistant designing engineer and in 1947 was named 
manager of the induction motor engineering section. 


° 


Frank L. Egan has joined Fischer and Associates, 
Cleveland, as project engineer. He has served in vari- 
ous engineering capacities in government and industry 


and as a consultant. 
° 


Formerly chief engineer, G. G. Crewson is now di- 
rector of engineering of the Buffalo Electro-Chemical 
Co. Inc., a division of Food Machinery and Chemical 
Corp. J. N. Vermilya succeeds him as chief engineer, 
and Charles M. Standart has been appointed assistant 


to the chief engineer. 
om 


William A. Reich has been appointed manager of ad- 
vance development engineering at Carboloy Depart- 
ment of Genera] Electric Co., Detroit. 


S 


New chief engineer of the receiver division of Allen 
B. Du Mont Laboratories Inc. is Alfred Y. Bentley, 
who has been chief engineer of the cathode-ray tube 
division since 1947. Prior to that time he was assist- 
ant head of the cathode-ray tube engineering depart- 
ment, a position to which he was assigned upon join- 
ing the company in 1945. Mr. Bentley replaces Robert 
J. Cavanagh, who returns to his original engineering 
and research post with the company’s Research Div. 


S 


John P. Selberg has been appointed chief engineer 
of the newly formed Petro-Mechanics Research Div. 
of Borg-Warner Corp., to be located at North Holly- 
wood, Calif. 


¢ 


Lear Inc., Grand Rapids, Mich., has appointed T. K. 
Greenlee as chief electro-mechanical engineer. The 
Electro-Mechanical engineering operation of the Grand 
Rapids plant was recently established as a separate 
department to accommodate expansion in the field of 
aircraft actuating and control equipment. Mr. Green- 
lee was formerly chief engineer of Barber-Colman 
Co., in charge of actuator and controls development. 
He was responsible for the development of the com- 
pany’s aircraft engineering division. 

+ 

Elliot Schick has joined the engineering staff of 
Ebert Electronics Co., Hollis, N. Y. He formerly 
served as chief industrial engineer of the Emerson 
Radio & Phonograph Corp. 


. 


Paul D. Cornelius has been appointed head of the 
design and research department of Vlier Engineering 
Inc., Los Angeles. 
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ROLLED SECTIONS 


If you use tubes, tees, angles, chan- 
nels, mouldings, zee or special shapes 
in your product, we can do the entire 
job for you in one fast operation on 
our exclusive roll forming machines. 
Continuous rolling, as we do it, saves 
man-hours, eliminates extra handling 
and improves uniformity and accuracy 
for you. This is particularly true where 
notching and punching can be com- 
bined with the rolling operation. These 
complex shapes, accurately cut to 
your length, are available up to .125 


Formed and embossed in one operation 


HOW READY-TO-USE PREFABRICATED 


eduuce 


thickness. We roll form steel, alumi- 
num, copper, brass, or zinc (according 
to your specifications). 


The modern, functional and decorative 
refrigerator part shown above is only 
one of many sections Roll Formed 
Products Company makes for large 
and small companies. 


If your position is to increase produc- 
tion, reduce costs, or to get a tough 
job done, send your blueprint or sketch 
for prompt quotation. 


ROLL FORMED PRODUCTS 


COMPANY 
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A 
MELETRON 





APPROVED 


PRESSURE SWITCHES 


Wherever a Vacuum or Pressure 


change must initiate electrical 
action there is a Meletron or 
Barksdale Pressure Switch 


to perform that function. 








They protect costly equipment 
They provide priceless safety 
They assure process control. 





They operate in any position, 
are not affected by vibration, 
have extreme repetitive accuracy. 


For complete technical information see 
our catalog in Sweet's 1953 File for 
Product Designers and in the Plant 
Engineer's File, or write for catalog 
2M-S. 


ELAGRELSEDALL: 
YALVES 


1566 E. SLAUSON AVE., LOS ANGELES 11, CALIE 


15 to 10,000 PSI © .05 to 80 PSI © VACUUM 
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THE ENGINEER'S 


Library 


Recent Books 


Elasticity in Engineering. By Ernest E. Sechler, pro- 
fessor of aeronautics, California Institute of Technology; 
429 pages, 6 by 9 inches, clothbound; published by John 
Wiley & Sons Inc., New York; available from MACHINE 
DESIGN, $8.50 postpaid. 


An advanced mathematical treatment, this text 
deals with the fundamental theories of stress and de- 
formation of elastic bodies under load. Choice of 
text material has been determined largely by the 
needs of aeronautical structural engineers; however, 
the presentation is intended to be of use to engi- 
neers in all phases of structural analysis. Fundamen- 
tal equations and assumptions underlying the whole 
field of elasticity are established in the first part 
of the book. In the second part, the use of these 
principles in solving the elastic problems of stable 
(nonbuckling) structures is illustrated. The third 
and concluding part is devoted to the problems of 
unstable (buckling) elastic structures. 


+ 


Electronic Engineering Principles. By John D. Ryder 
professor of electrical engineering, University of IIli- 
nois; 515 pages, 6 by 81% inches, clothbound; published 
by Prentice-Hall Inc., New York; available from MaA.- 
CHINE DESIGN, $9.00 postpaid. 


This second edition introduces new and timely ma- 
terial into a fundamental and thorough treatment of 
electronics. An expansion of the feedback section 
and a new chapter on solid-state devices and the 
transistor have brought this text in line with modern 
trends and needs. 


Advanced Mechanics of Materials. By Fred B. Seely 
professor emeritus, and James O. Smith, professor, theo- 
retical and applied mechanics, University of Illinois; 
698 pages, 6 by 9 inches, clothbound; published by John 
Wiley & Sons Inc., New York; available from MACHINE 
DESIGN, $8.50 postpaid. 


A second edition, this textbook is far more com- 
prehensive than the first which appeared 20 years 
ago. Including developments of this period, the 
book is intended primarily for a second course in 
mechanics of materials. Topics and methods of pres- 
entation are adaptable to the needs of design and 
research engineers. The book provides a complete re- 
ference of methods used and results obtained in the 
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LOOKING FUR - cheeses SOLDER? 


RUBBERY GLASS? RESILIENT ASBESTOS? 


UZ, 











Have you a materials problem? Perhaps you're presently using 
materials such as glass, asbestos, solder, mica or graphite to join, 
resist chemical attack or insulate an assembly—particularly at 
high or low temperatures. But, could you reduce replacement 
or assembly costs, improve the design or lengthen the life of your 
product if these common materials were resilient? 

Rubber is resilient, but ordinarily you wouldn’t think of rub- 
ber for use at high or low temperatures. General Electric silicone 
rubber, however, remains flexible at temperature extremes, is 
chemically resistant and dielectrically strong. That’s why it is 
being used to replace—and improve upon—many common engi- 
neering materials. You can see a few examples on this page. 


FREE BOOKLET GIVES MORE FACTS 
Find out more about the many possibilities G-E silicone rub- 


ber offers you. Write for your copy of “Imagineering with Silicone 
Rubber.” This informative booklet suggests how you can put 





General Electric Company 
Section 353-3C 2 
Waterford, New York y 4 | 






Please send me your new free »ooklet " 
“Imagineering with Silicone Rubber.” I 
am interested in G-E silicone rubber for: 






( ) Seals and gaskets ( ) Belting 


( ) Wire and cable insulation ( ) Boots, 
sleeves, bellows 


( ) Tapes and cloths 

















(In Canada, mail to Canadian General Electric Company, Ltd., Toronto) 


I 

| 

| 

| 

| 

| ( ) Hose and 

| ( ) Sponged products ducting 
G-E silicones fit in your future Name 

| Firm 

Street 

| City. Zone State 

l 


GENERAL @@ ELECTRIC 
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UNLTED 
CLUTCH HEAD" 


SCREWS 


If you are interested in reducing 
operator fatigue, screw driver costs, 
damage to assemblies by screw drivers 
skidding, and increasing your effi- 
ciency in plant and field applications, 
it will be to your advantage to study 
the usage of Clutch Head” screws in 
your production problems. 


Write for engineering booklet. 


® Reg. U. S. Pat. Off. 





The Engineer's Library 





analysis of stresses in structural and machine men- 
bers. 


Theory of Elasticity and Plasticity. By H. M. Wester- 
gaard, professor of civil engineering, Harvard University; 
190 pages, 5% by 8% inches, clothbound; published by 
John Wiley & Sons Inc., New York; available from 
MACHINE DESIGN, $5.00 postpaid. 


This book provides an introduction to the theories 
of elasticity and plasticity. Although the treatment is 
| theoretical, it is written from the engineer’s viewpoint. 
| Fundamental concepts and mathematical relationships 
| are presented with respect to stress, strain, displace- 
| ment, Hooke’s law, and the basic equation of elasticity. 
| Other topics are Lame’s stress ellipsoid, Mohr’s circles, 
octahedral stress and strain, compatibility, cylindrical 
co-ordinates, and the laws of plasticity. Methods of 
| application are offered and such tools as the strain 
| potential, the Galerkin vector and the twinned gradi- 
ent are demonstrated by examples. Subjects also dis- 
cussed are hollow cylinders and spheres, rotating disks, 
thermal stresses, the problems of Kelvin, Boussinesq, 
Corruti and Mindlin as well as items involving cavities 
and deflections of surfaces. 





High Speed Photography. By George A. Jones; 327 
pages, 5% by 8% inches, clothbound; published by John 
Wiley & Sons Inc., New York; available from MACHINE 
DESIGN, $6.50 postpaid. 


Fundamentals, current practices and scope of high- 
| speed photography are summarized. Scientific, com- 
mercial and industrial applications are pointed out. 


| Color in Business, Science, and Industry. By Deane B. 
Judd; 411 pages, 6 by 9 inches, clothbound; published by 
| John Wiley & Sons Inc., New York; available from MA- 
CHINE DESIGN, $6.50 postpaid. 


| Often obscured by abstract discussion, the subject 
| of color is treated in practical terms in this book. 
It deals with the commercial and scientific aspects 
| of color and its applications. Basic facts are pre- 
| sented in Part I concerning the eye, color terminology. 
color matching and color deficiencies. In Part II the 
tools and techniques for measuring and specifying 
_ color are discussed. Part III covers the physics an¢ 
| psychophysics of colorant layers. 


| Association Publications 


Proceedings of the Sixteenth Annual National Time 
and Motion Study and Management Clinic. 168 pag@s: 
8% by 11 inches, paperbound; available from Industria 
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This camera 
helped General Mills 


improve a puffing gun 


It’s a tough job to improve control equipment for a part that is 
hidden by steam and product—and moves too fast to see. 

General Mills engineers were faced with this problem in improv- 
ing the operation of the “muzzle” cover on their cereal-puffing gun. 
To slow the event and see exactly what happened, they used their 
Kodak High Speed Camera. From the 16mm films it took, they got 
the quantitative information needed to design proper controls. 

The Kodak High Speed Camera takes up to 3200 pictures a 





second. When the film is projected at normal speed on a standard The cylinder encircled at the top of 
projector, action is slowed as much as 200 times. An argon timing the camera houses an argon lamp 
lamp makes it easy to get an accurate time check. And the films can for timing action in absolute units. 
be shown over and over again, stopped at important frames for As film accelerates toward its maxi- 
detailed study and analysis. mum speed of 50 miles per hour, 

If you have a design or performance problem that’s hidden in a light impressions on the edge mark 


off each 1/120 second of time. 


blur of speed, it will pay you to investigate the Kodak High Speed 
Camera. Our engineers will gladly help you determine its suitability 
to your problem. For further information or a booklet, “Magnifying 
Time,” write to: 
Industrial Photographic Division 
EASTMAN KODAK COMPANY, Rochester 4, N. Y. 


the Kodak HIGH SPEED Camera 
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INDIVIDUAL 
INSPECTIONS ... 


SI 


Every Motor AND GRUELING 
must meet 
rigid test for 
instant  start- 
ing with full 
power ¢ a- 


pacity 


LABORATORY TESTS 
INSURE THE 





ACCURACY and DEPENDABILITY of 
® timing 
motors 


SYNCWWON 


There's no guess-work in the 
manufacture of SYNCHRON 
timing motors and timing 
machines. 51 separate in- 
spections and tests determine 
the final fitness of each 
motor before it leaves the 
factory. These tests, plus ad- 
vanced engineering and care- 
fully selected materials, as- 





sure SYNCHRON accuracy 
and dependability. Pulls up 
to 8 oz. 
— direct load 
timing at 1 R.P.M. 
machines 
— engineered for easy Operates effi- 
adaptability, powered ciently at —40° 
by tested SYNCHRON to +140°F. 


Available with 
gear trains for 
any speed. 


motors-complete, ready 
to install in any timing 
device. 


a 


Mail coupon or 
engineering data 
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Management Society, 35 E. Wacker Drive, Chicago 1, 
Tll.; $4.00. 


Complete transcripts of talks by leaders of labor, 
management and government on various topics includ- 
ing time study, motion economy, methods, plant 
layout, materials handling, wage incentives, main- 
tenance, and human relations are included in this 
booklet. 


Technical Data on Plastics. 192 pages, 8% by 11 inches, 
clothbound; available from Manufacturing Chemists As- 
sociation Inc., 246 Woodward Bldg., Washington 5, D. C.; 
$2.50. 


Commercially available plastics are cataloged and 
described in this handbook. Characteristic properties 
of these materials and the variables which affect them 
permit use of the data for engineering design. Data 
are published for the first time on the alkyd and sili- 
cone molding compounds and epoxy resins. Two new 
sections show the properties of various plastics when 
made in the form of foams or thin films. 


Compressed Air Power in Industrial Production. 36 
pages, 8% by 11 inches, paper cover; available from 
Compressed Air and Gas Institute, 1410 Terminal Tower, 
Cleveland 13, Ohio; 25 cents. 


Third in a series, this pamphlet discusses pneumatic 
tools and uses of compressed air in production. It is 
directed to designers, engineers and production per- 
sonnel. 


Symposium on Determination of Elastic Constants. 
104 pages, 6 by 9 inches, paperbound; available from 
American Society for Testing Materials, 1916 Race 
Street, Philadelphia, Pa.; $2.00. 


This booklet contains five ASTM papers which dis- 
cuss the problems involved in the determination of 
elastic constants and their extension to extreme 
temperature in metallics and nonmetallics. Meas- 
urement techniques for relatively new materials such 
as plastics and composite materials are included. 


Welding Processes and Procedures Employed in Joiii- 
ing Stainless Steols. 52 pages, 8% by 11% inches, pape’- 
bound; available from American Welding Society, 29 
West 39th St., New York 18, N. Y.; $2.00. 


Information concerning metal-arc welding, carbon- 
arc welding, gas welding, resistance welding and flame 
cutting of stainless steels are compiled in this hand 
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Complete Visibility 
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and Control of Oil 
Feed 


..+NO guess work. 










Oil Feed Controlled 
by Air 

.-. gives very 

uniform rate of oil feed. 


Constant Oil Level... 
rate of oil feed not 
affected by oil supply. 
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@ Gives automatic, continuous, uniform lubrication 
@ Permits greater flexibility in product design 

@ Eliminates many limitations of ordinary lubrication 
@ Extends equipment life 

@ Cools as it lubricates 

@ Prevents entry of foreign matter into housing 

@ Cuts lubrication and maintenance costs 

@ Capacities up to 14 cfm. 


Let Norgren’s quarter-century of airborne lubrication 
experience and research go to work for you . . . write, 
now, for complete information on Micro-Fog lubrication, 


10) 


C. A. co. WM 


3442 So. Elati St., Englewood 
IN COLORFUL COLORADO 
Valves @ Filters @ Regulators @ Lubricators @ Hose Assemblies 
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*PIONEER AND LEADER IN 


OIL FOG LUBRICATION 
FOR 25 YEARS 


SALES REPRESENTATIVES IN PRINCIPAL CITIES 





ALIGNING TIME and 
COST ON DIRECT- 
CONNECTED MACHINES 





SAVE 





... Let 





QvEvoy 


FLEXIBLE COUPLINGS 


DO THE JOB! 


Lovejoy Flexible Couplings instantly and permanent- 
ly correct for misali'gnment—absorb vibration, shock, 
back-lash and surge. New multiple leaf spring holds 
collar in place and permits 50% higher speeds with 
safety. No shut-downs for changing cushions . . . 
NO LUBRICATION EVER NEEDED! Cushions avail- 
able for every duty . . . 1/6 to 2500 H. P. 


Write today for complete catalog 
and quick-finding selector charts 


LOVEJOY FLEXIBLE COUPLING CO. 





5018 W. Lake Street Chicago 44, lilinois 


Also Mfrs. Lovejoy Flexible Couplings, Universal 
Joints, and Variable Speed Transmissions 












The Engineer's Library 





book-type review. The welding characteristics, ad- 
vantages and limitations of various welding processes 
and recommended procedures are discussed in detail. 


Manufacturers’ Publications 


Hydraulics as Applied to the Machine Tool Industry. 
197 pages, 8% by 11 inches, heavy paper-bound; avail- 
able from Product Service Dept., Publications Section, 
Vickers Inc., 1480 Oakman Blwd., Detroit 32, Mich.; $2.00. 


One of a series prepared originally by the Henry 
Ford Trade Schools, this manual includes information 
about hydraulic pumps and valves and their mainte- 
nance and repair. Practical application of hydraulics 
to machines for the control of speeds and feeds is also 
covered. 


Kodak Industrial Handbook. Multiple ring binder with 
four 5% by 84-inch paperbound sections—84, 64, 72, 
and 76 pages; available from Sales Service Div., East- 
man Kodak Co., Rochester 4, N. Y.; $4.00. 


Four sections describing methods of photocopying, 
microfilming, photographing through a microscope, 
and making industrial pictures are included in this 
handbook. Provision is made for expansion to ac- 
commodate additional sections. 


New Standard 


Standards for Steam Surface Condensers. 28 pages, 
814 by 11 inches, paperbound; available from Heat Ex- 
change Institute, 122 E. 42nd St., New York 17, N. Y.; 
$2.00. 


Definitions of essential terms and standards of heat 
transfer rates as well as performance expectations on 
condensers are covered. The information contained 
can be used for specifying or designing surface con- 
densing equipment. 


Government Publications 


NACA Technical Series. Each publication is 8 by 10% 
inches, paperbound, side-stapled; copies available from 
National Advisory Committee for Aeronautics, 1924 F 
St., N.W., Washington 25, D. C. 


The following Technical Notes are available: 


2812. Effects of Cyclic Loading on Mechanical Behavior of 24S-7* 
and 75S-T6 Aluminum Alloys and SAE 4130 Steel—53 pages. 

2820. An Analysis of the Errors in Curve-Fitting Problems with a” 
Application to the Calculation of Stability Parameters from Flight 
Data—29 pages. 

2821. Torsion Tests of Aluminum-Alloy Stiffened Circular Cylinders 
38 pages. 

2822. A Special Investigation to Develop a General Method for Three- 
Dimensional Photoelastic Stress Analysis—59 pages, 


2840. Buckling of Low Arches or Curved Beams of Small Curvature— 
75 pages. 
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Advertisement 


Brakemotor Prevents Drift, 
Saves Space on 
Niagara Bending Rolls 


Use of a motor incorporating a 
spring-applied, electromagnetically re- 
leased brake as an integral part of the 
motor design is an important factor 
in the simple, positive finger-tip con- 
trol of the bending rolls produced by 
Niagara Machine & Tool Works, 
Buffalo, N. Y. 

In the neutral position, rolls are in- 
stantly stopped by the action of the 
Brakemotor. This feature prevents 
drifting or overcoasting of the work 
in the rolls and thus permits more 
accurate operation. The fast, precise 
action of the brake allows work in 
the rolls to be reversed rapidly and 
frequently, without kicking out the 
thermal overload relays, as might 
occur in reversing by plugging. 

The Brakemotor also permits jog- 
ging in short increments. The opera- 
tor has complete and accurate control 
at all times. 





Precise control of this Niagara Bending 
Roll is made possible by the Star-Kimble 
Brakemotor shown at lower left of machine 


Saving in Frame Sizes 


The Brakemotors used on these 
bending rolls are specially engineered 
to meet the speed and torque re- 
quirements of the application. As a 
result, Niagara has been able to use 
smaller frame sizes than would be 
possible with conventional designs. 

In bending roll service, an extreme- 
ly high torque is required when the 
plate is first started through the rolls. 
In the Brakemotors used on a typical 
size of Niagara Bending Roll, a 7% 
hp motor provides the same starting 
torque as a 15 hp motor. Moreover, 
this 7% hp motor is built in a smaller 
than standard frame size. 

These features of fast, accurate 
stopping, reversing and inching on 
short cycles and smaller frame sizes 
are made possible by the brake ac- 
tion which eliminates the need for 
plugging and by the added safety fac- 
tors for heavy duty which are built 
into the motors. 

The Brakemotors are built by Star- 
Kimble Motor Division of Miehle 
Printing Press and Mfg. Co., 201 
Bloomfield Avenue, Bloomfield, N. J. 
Complete details are given in Bulle- 
tin B-501-A, copies of which are avail- 
— on request from the manufac- 
urer. 
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Instantaneous Drag-free 
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START STOP! START STOP! START STOP! START 
LUVLS idOLS LUWLS idOLS LyWLS idOLS pHYWIsS 


STOP! START STOP! START STOP! START STOP! 


minute after minute YEAR AFTER YEAR 
with Star-Kimble Brakemotors 


That extra-large brakelining area you see brings a Star-Kimble Brake- 
motor and its connected load to an extra-fast stop—as short as a fifth 
of a second from full speed to standstill if desired. 


And the small air gap contributes to equally fast starts. Brake is released 
the instant motor current is switched on—equipment starts without drag. 


That's the story of a single Star-Kimble stop-start cycle. And the expe- 
rience of user after user proves that Star-Kimble Brakemotors maintain 
the same split-second stops, the same smooth starts, through hundreds of 
thousands of cycles. In reversing service, conventional plugging nrethods 
with a typical 5 hp motor allow only 3 starts per minute. With a 
Star-Kimble Brakemotor, the figure is boosted to 10! 


Of course, every Star-Kimble Brakemotor is a compact, integral unit 
designed to save space—and give rugged, dependable performance. 
One manyfacturer—one responsibility. 






For the full story, write for Bulletin B-501-A 


AR-KIMBLE 


MOTOR DIVISION 
LE PRINTING PRESS AND MFG. CO. 


1 Bloomfield Avenue Bloomfield, New Jersey 
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easier assembly... 
economical maintenance... 
with Linear “‘0”’ Rings 


Linear O Rings perform an unusual job 1! 
The bearing 


ve was supported In 


ft heal) elehislas 


: ale) amelie 

Staff. Write | 

Tancelaaer-nelelar 

“PERFECTLY ENGINEERED PACKINGS 
LINEA 


LINEAR, Inc., State Rd. & Levick St., Philadelphia 35, Pa. 


NOTEWORTHY 


ELecrromaGnetic FLOW CONTROL for hy- 
draulic systems is provided by the valve described in 
patent 2,616,452. Invented by Robert B. Clay and 
George A. Goepfrich, the valve is designed for nor- 
mally-closed operation. Fluid flow through the valve 
is controlled by a sliding valve plunger actuated by an 
electromagnetic coil. When the coil is energized the 
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valve opens. Fluid flow through the valve acts to 
assist the valve closing action as well as providing 
lubrication for the valve plunger. Valve construc- 
tion, which can be also adapted for normally-open op- 
eration, facilitates assembly and maintenance. The 
patent has been assigned to the Skinner Chuck Co. 


V arise TORQUE TRANSMISSION, both in di- 
rection and magnitude, is achieved in a novel mag- 
netic-fluid clutch design which employs a planetary 
gearing arrangement. Covered in patent 2,616,539 
the clutch has two rotating magnetic coils which are 
separately excited and positioned on opposite sides of 
a flat metallic plate connected to the output shaft. 
The system of planetary gears causes the coils to ro- 
tate in opposite directions. By varying the excitation 
current in the coils, torque and speed ef the output 
shaft can be varied from a maximum value in one di- 
rection of rotation through zero to a maximum value 
in the opposite direction, while the input shaft con- 
tinues to rotate in one direction at a constant speed. 
Output torque is a function of the difference in the 
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You cut down rejects when you use Chase Brass and Copper 
Alloy Wire. 


Chase mills inspect every coil of wire produced. No 
scratches, no slivers, spills, or laps! Chase wire is of uni- 
form temper and grain size, uniform in surface texture and 
color, accurate in gauge. It comes to you clean and bright. 


Chase wire is available in a wide variety of 
alloys, shapes, sizes and tempers. 


Write today for free folder “Chase Cold-Heading 
Extruded Brass and Copper Alloy Wire.” 


The Nation’s Headquarters for Brass & Copper 
asc Sf aS = 
BRASS & COPPER = =! fee te 

Chicago Houston Newark (T sales 


WATERBURY 20, CONNECTICUT ¢ SUBSIDIARY OF KENNECOTT COPPER CORPORATION Cincinnati Indianapolis New Orleans . office only ) 
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INDUSTRIES 
CAN’T BE WRONG 





Quincy Compressors are designed to provide peak 
efficiency and dependability on all compressed air 
applications. And they’re used by 167 industries as 
part of products requiring compressed air supply. 
Quincy builds modern, compact, rugged compres- 
sors in sizes from 1 to 90 c.f.m. Quincy engineers 
will also design and build compressor mountings 


to meet your individual needs. Investigate Quincy 


Compressors for your product. 









Write for the free booklet, 
**How To SELECT THE 
Ricut Air COMPRESSOR 
FOR THE Jos.’ Send a 
post card to Dept. MD-1. 


luincy 


COMPRESSOR CO. 


QUINCY, ILLINOIS 


Branch Offices: New York ® Philadelphia ¢ Detroit © Chicago 
St. Lowis © Dallas © San Francisco 


Manufacturers of Air Compressors Exclusively 











| sates for wear and torque variations. 
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Noteworthy Patents 





two exciting currents and the direction of rotation is 
determined by the maximum current. Invented by 
Vernon J. Wattenberger, the patent has been as- 
signed to General Electric Co. 


Lamatep LOCK NUTS for large machine bolts, 
built up like Belleville springs, are described in patent 
2,616,474. Locking action is provided by dished metal 
disks, stamped from sheet stock and stacked in pairs, 
which flatten when threaded on the bolt and produce 
a binding pressure. The patent has been assigned to 
Harvey Hubbell Inc. by Joseph F. Healy. 


Cusnionep BACKLASH TAKEUP for splined 
power connections is provided by a unique device as- 
signed to Genera] Motors Corp. under patent 2,615,315 
by Calvin J. Werner. Engagement of the splined 
“teeth” on the driving and driven members is main- 
tained even during load reversals, eliminating the noise 

















and destructive pounding which can occur when clear- 
ance has been provided between adjacent teeth. The 
torsional force necessary to hold the teeth in contact is 
supplied by a U-shaped spring rod fitted over the end 
of the drive shaft; two splines are removed to make 
slots for receiving the arms. Under impact loads the 
spring arms act as cushions to absorb the shock. 


A vromatic FRICTION ADJUSTMENT is afford- 
ed in a variable-speed friction drive which compen- 
Assigned to 
Barnes Drill Co. under patent 2,617,309, the drive em- 
ploys two offset friction disks, one flat and the other 
spherical, to obtain variations in output speeds. A 
unique cam arrangement on the drive shaft forces the 
disks into engagement and varies the contact pressure 
to provide a frictional force corresponding to the 
torque being transmitted. Irregularities in the fric- 
tion surfaces as well as vibration are compensated by 
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Noteworthy Patents 





a resilient mounting on the drive motor. Adjustment 
of output speed is accomplished by tilting the motor 
through a hydraulic-positioning control system. In- 
ventor of the drive is Kenneth H. Casson. 


Overoap TORQUE PROTECTION, regardless 
of direction of rotation, is afforded by the clutch cov- 
ered in patent 2,618,137. Assigned to Eastman Kodak 
Co. by William M. White, the clutch may be preset to 
automatically disconnect when a prescribed load value 
is exceeded. Under normal operating conditions, 
torque is transmitted by a coil spring engaging the 




















drive shaft through a torque-limiting spring to the 
driven member. When the load becomes excessive, 
however, the torque-limiting spring permits the driven 
member to slip causing the coil spring to unwind and 
disengage the shaft. Adjustment of the tension in the 
torque-limiting spring, which may be accomplished 
without disassembly, determines the load at which 
release will occur. 


P RESSURE-RESPONSIVE SEAL in a union for hy- 
draulic pipe or tubing is actuated by fluid pressure to 
provide more effective sealing. Assigned to Chiksan 
Co. under patent 2,610,870 by Daniel J. Parmesan, the 
union employs a resilient seal ring, trapezoidal in cross 
section, between coupling members. Sealing is effec- 
tive even with slight misalignment and ribs on the re- 
silient contact faces act to provide a labyrinth sealing 
effect. 


Enp-Bracep ROTOR decreases rotary gear pump 
size and weight for a given capacity. Employed in 
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Engineering 
Ability 






¢ There’s no doubt about it—without 
\\. springs the mechanical world would be 
virtually paralyzed. For, like the human 
heart—in machine after machine, simple or 
complex, big or little the SPRING is the very 
source of motivation—the seat of power that 
propels... sustains . . . delays or stores up action. 


For instance,—take any product which de- 
pends on a spring vital to its mechanism— 
very frequently a poorly designed spring will 
cause this product to fail in its performance, a 
headache for any manufacturer, AT THIS POINT— 
or even in the development stage while your 
production problem is still ““HOT”’ is the right 
time to call in Automatic Spring Coiling Co., 
consulting engineers, trained in production 
methods and quality control, to bring ENGI- 
NEERING ABILITY to bear by providing the 
correct precision mechanical spring . . . at a 
minimum cost. 


The successful manufacture and produc- 
tive capacity in large quantities of auto- 
mobile clocks, as well as, clutch thrust and 
driven plate springs, all manufactured to 
close tolerances . . . testifies to the reliable 
performance of the products of Automatic 
Spring Coiling Co., in this particular field. 
Automatic Spring Coiling Co. can supply 
cdémpression, extension, torsion or double- 
torsion, helical springs of round or flat 
wire, flat spiral springs and flat or round 
wire shapes. 


Why not let our experienced Consulting engineers 
survey your precision mechanical spring require- 
ments without obligation—write today. 


AUTOMATIC SPRING COILING CO. 
4043 West Thorndale Avenue 
CHICAGO 30, ILLINOIS 
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the pump of patent 2,615,399, the rotor may be em- 


a conventional tire valve in the regulator assigned to 
Air Reduction Co. under patent 2,615,287. High-pres- 
sure gas enters the regulator chamber through the 
tire valve and is reduced to the predetermined deliv- 









ployed in longer lengths than conventional types, 
with a resultant reduction in diameter and weight. 











Pumping action is provided by an internal idler gear 
offset from the rotor center. Bracing of the rotor is 
accomplished by an end support ring fastened to the 
rotor-bar ends by screws. The construction minimizes 
the possibility of rotor damage due to excessive pres- 
sure and reduces manufacturing costs. Assigned to 
Peerless Machinery Co., the patent is an invention of 
Milon Gay Edwards. 













Avromatic FLUID CUTOFF in hydraulic lines to 
prevent transmission of excessive pressures is effected 
with a fluid fuse invented by Allen J. Mellert and de- 
tailed under patent 2,615,675. Assigned to the Car- 
penter Mfg. Corp., the fuse is inserted into a hydraulic 
line at the desired control point. Excessive line pres- 
sure actuates a dished spring-metal diaphragm, which 
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has a central opening for normal flow, causing it to 
flatten against a rubber sealing cup and cut off further 
flow. Restoration of the correct pressure differential 







ery pressure. 


Delivery pressure is maintained by a 








returns the diaphragm to its normal flow position. The 
fuse can also be adapted for gas or vacuum operation. 







spring - loaded, pressure - actuated diaphragm which 
controls the tire valve-stem position thus regulating 
the admittance of the high-pressure gas. Adjustment 
of the delivery pressure can be made during opera- 
tion through an access opening in the top of the reg- 








Gas PRESSURE REGULATION is achieved with 


ulator. 


Inventor of the regulator is John S. Senesky. 




















Save Time 
-and Money 


| WITH 


‘DIAMOND H’ 
SNAP-INS 


THE HART MANUFACTURING 
COMPANY 
118 Bartholomew Ave., Hartford, Conn. 





L 


k 


Consistently tops in quality, “Dia- 
mond H” snap-in toggle switches, 
outlets, pilot lights and inter-con- 
necting load plugs are making 
important contributions to the per- 
formance of leading makes of major 
appliances, electrical housewares, 
beauty parlor, air conditioning and 
ventilating equipment and other 
devices. 


Users like them .. . for their de- 


pendability, their appearance and 
the man hours they save on assem- 








f 
bly lines. Just snap them into place 
(wiring up before or after) and 
spring clips hold them firmly. Wide 
flanges eliminate need for close tol- 
erances in finishing around installa- 
tion holes. 


Switches, rated 15 and 20 A,, 125 
V.; 10 A., 250 V., A.C., and also with 
h.p. ratings. Pilots rated 115 V. or 
230 V., A.C. All four devices avail- 
able in black, white, brown or spe- 
cial color plastic to harmonize with 
your product. Send us your require- 
ments today. 
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The hydraulic actuating pistons on many types of equipment 
such as the tractor-shovel (above) and lift trucks are protected by 
Multi-Flex Boots. Made without molds by a versatile process devel- 
oped by United States Rubber Company, they can do many jobs 
conventional boots cannot do. Multi-Flex Boots prevent scoring 
of pistons and damage to packing by stones, sand, cinders and other 
materials. They also protect against rust and corrosion. 

The versatility of rubber seems to have no limits when in the 
hands of “U.S.” technicians. They may be able to make your prod- 
uct last longer, or operate more economically. Write to address 
below. 


U.S. Rubber Multi-Flex Boots 


make equipment last longer 








wing, 


Note Multi-Flex Boot extended from ram plunger that 
lifts 12 cu. ft. bucket. The ram plunger activates the 
bucket to any position required for loading or unload- 
ing stone, cinders, sand. 





Here the Multi-Flex Boot is compressed. The 
drive wheels throw quantities of stones against 
the boot at high velocity. 


“U.S.” Research perfects it ...“U.S.” Production builds it...U.S. Industry depends on it. 


UNITED STATES RUBBER COMPANY 


MECHANICAL GOODS DIVISION - ROCKEFELLER CENTER, NEW YORK 20, N. Y. 


Hose + Belting « Expansion Joints « Rubber-to-metal Products « Oil Field Specialties « Plastic Products « Molded and Extruded Goods « Protective Linings and 
Coatings « Grinding Wheels « Packings « Tapes « Conductive Rubber « Adhesives « Roll Coverings « Mats and Matting 
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An alloy with 


practically no thermal expansion 


wnohes/inch 2 10* 


EXPANSION 


up to 400°F 


Note in the graph how the low thermal 
expansion rate of Carpenter Invar “36” 
compares with other metals. The free- 
machining alloy, Carpenter Free-Cut Invar 
“36”, has the same low expansion char- 
acteristics and simplifies production of 


machined parts. 


Where the operation of precision instruments 
or machines is affected by temperature vari- 
ations, the low expansion of this alloy helps 
to insure constant accuracy. Another 
important use is in automatic on-and-off con- 
trols, such as thermostats. These controls are 
operated by the difference between invar’s 
low expansion rate and that of a high 


expansion metal. 
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Beverage Exponson Curves 
Showing Componson Between 
Cerpenter Low Expansion 
Nickel- iron Alloys 
and Other Metols 






























































For detailed engineering data on the 
Carpenter Invar “36” alloys, write for a 
copy of the Carpenter Low Expansion Alloy 
book. It contains 23 pages of data on expan- 
sion and mechanical properties, 





THE CARPENTER STEEL CO., 120 W. Bern St., Reading, Pa. 
Please send a copy of your Low Expansion Alloy Book. 





400 


TEMPERATURE - 





Degrees Fahrenheit 


physical constants, etc. 


THE CARPENTER STEEL COMPANY 
120 W. Bern Street, Reading, Pa. 


Export Dept.: The Carpenter Steel Company 
Port Washington, N. Y.—‘*CARSTEELCO"’ 
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PROFESSIONAL 
# a 
Viewpoints 


“. « - using plain fifth-grade arithmetic . . .” 


To The Editor: 


In the February issue of MACHINE DESIGN I have 
studied with interest the article on Gear Ratio Logar- 
ithms as presented by Mr. George M. Mencke of 
Wilmette, Il. 

The selection of proper gearing to give rather exact 
ratios has been for many years one of my recurrent 
duties. During that time the pi ratio has often arisen, 
and I have used the basic 355 over 113 ratio for this 
purpose, breaking it down as does Mr. Mencke into 71 
and 113 with a 5 to 1 ratio in series. 

I take exception, however, to the value he gives on 
Page 178 as the actual ratio of these gears. He gives 
it as 3.14158292. Using plain fifth-grade arithmetic 
without recourse to logs I get a ratio of 3.14159292, 
which is closer to true value than his 6-gear train at 
3.1415900. This, I know from his statement appearing 
just below the ratio given, is due to a typographical 
error, an 8 having been substituted for a 9. However, 
as it appears in the print, many newcomers to this 
particular problem are apt to be misled into thinking 
that his 6-gear train is the better. A small matter, 
no doubt, but mathematics is supposed to be an exact 
science. 

This 355 over 113 ratio I first found in 1904 on the 
back of a slide rule, and later found it mentioned and 
used in calculation of clock gearing in a book pub- 
lished in 1826 by a clockmaker who was then 80 years 
of age. Evidently this ratio, which I have found few 
people know of, is of an origin hidden in antiquity. 


W. P. NoRTON JR. 
The Fellows Gear Shaper Co. 
Springfield, Vt. 





They Say... 


“Tt is hard to find a modern manufacturing busi- 
ness whose products and manufacturing and oper- 
ating methods are not the result of inventions. At 
least half of the capital of the U. S., other than land 


| holdings, is invested in enterprises founded upon in- 


ventions made in the last 150 years. Large and small 
companies alike need the stimulus of new ideas, im- 
provements in design and methods, and new fields 
and products so that they may continue to grow and 
keep pace with the times. Here is the place for the 
research men, the inventors, the engineers who rec- 
ognize the needs of modern day living and on whose 
productivity depends the progress of the various in- 
dustries.’—HaL F. FrRUTH, consultant and physicist, 
H. F. Fruth & Associates. 
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| The ELLIOTT CROCKER-WHEELER 
. Brake MOTOR 


‘ Wi The bonded metal brake linings of the C-W Here is a brake you can depend upon to do 
, brake give greater friction for quicker stops, _ its job day in and day out with true Crocker- 
greater wear resistance, complete immunity to | Wheeler reliability. Available as part of any 
climatic conditions, oil or grease, and long serv- | C-W integral motor, or separately for mounting 
ice with rio change in retarding torque. on NEMA D flange motors, frames 203-326, or 


The unusually short overhang of the C-W C face motors, frames 364-405. 


brake provides maximum rigidity and the com- GET BRAKE MOTOR BULLETIN SL-610-1, 


pactness that adapts it to limited space —avital addressing your request 
to Elliott Company 
Dept. MD, Jeannette, 


which releases the brake is instantaneous and Pa. 






feature on machine drives. The magnetic action 


| powerful. The entire mechanism is completely 
enclosed in an easily removable cover. 


| ELLIOTT Compaw 





fc — 


CROCKER-WHEELER DIVISION 
BRANCH OFFICES AND REPRESENTATIVES IN PRINCIPAL CITIES 


Ampere, N. J. ELLIOTT Approved SERVICE SHOPS COVER THE COUNTRY 
w?2.2 
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Golden Gaskets Help 


Produce Pure Zirconium 


Pure gold wire is the cheapest 
satisfactory material available for 
sealing large metal caps and valves 
at high vacuums and temperatures 
required in the production of pure 
zirconium by the Westinghouse 
Electric Corp. Although gold costs 
$35 an ounce, the wire can be re- 
processed and used over and over. 
again, which cuts the cost to $1 
per ounce. 


Zirconium metal is lighter than 
steel, remarkably corrosion resist- 
ant and has an extremely high 
melting point. A fine structural 
metal, due to its strength and 
workability, it is one of the best 
materials which may be used for 
nuclear reactor construction. Most 





being placed 
in top of 
zirconium processing tank 


Gold wire seal ring 
around valve openin 


Engineering News Roundup 

















Stock of glistening zirconium bars 

which played a key role in the con- 

struction of the first atomic power 
plant for submarine propulsion 


important is its property of not ab- 
sorbing neutrons to interfere with 
the atomic fission taking place in 
the reactor. However, zirconium 
does not have certain of these de- 
sirable properties unless it is near- 
ly 100 per cent pure. 

When Westinghouse scientists 
were given the job of building the 
first reactor for submarine use, 
enough usable zirconium was not 
available. The Atomic Energy 
Commission gave them permission 
to undertake mass production of 
zirconium, and in 14 weeks the 
Westinghouse scientists, headed by 
Dr. Z M. Shapiro and Alexander 
Squire, set up a zirconium refining 
plant and had it in full production. 
In those 14 weeks, production of 
pure zirconium bars was boosted 
from hundreds to thousands of 
pounds per month. 





Group Will Study 
European Research Facilities 


“American industry can procure 
research talent and facilities in 
Europe for a third to one-half of 
what they cost in this country,” 
according to J. E. Hobson, director 
of Stanford Research Institute. 
“Scientific manpower here is not 
keeping up with research demands. 
We believe that many companies 
might benefit in the long run if a 
closer relationship could be estab- 
lished between European research 
capacities and American research 
needs,” he said. 


These statements were made on 
the occasion of Dr. Hobson’s an- 
nouncing plans for a tour by Amer- 
ican research executives of tech- 
nical and research centers in Italy, 
Switzerland and France with the 
idea of utilizing laboratories in 
those countries for research pro- 
grams. 


Stanford Research Institute's 
International Division has reported 
on various European scientific cen- 
ters during the past two years. 
The forthcoming trip was organ- 
ized by the division in response to 
requests by industrialists that a 
tour to these research facilities be 
made. The itinerary to be fol 
lowed will include Paris, Rome 
Naples, Florence, Turin, Milan 
Venice and Zurich. In addition to 
research centers in the major 
cities, the group of about 30 re 
search executives will visit univer- 
sities in Rome, Naples and Padua 
and the polytechnics of Turin and 
Milan for discussions with leading 
Italian scientists. 
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Twin Electrodes 
Speed Automatic Welding 


A new development in hidden or 
submerged arc welding is said to 
increase the speed of automatic 
welding by 50 per cent or more. 
In addition to increasing the speed 
of automatic welding, the process 
is said to produce high quality 
welds on rusty or dirty plate 
where normal techniques would re- 
sult in pinholes. Developed by the 
Lincoln Electric Co. of Cleveland 
and known as Twinarc welding, the 
process employs two small elec- 
trodes side-by-side in place of one 
large electrode. 


Both electrodes feed simultane- 
ously through a single head and 
jaw to deposit metal in the weld 
crater. Higher currents possible 
with two electrodes increase the 
amount of penetration, rate of 
metal deposition and, consequent- 
ly, welding speeds. Typical of the 
speeds possible is 15 inches per 
minute at 1500 amperes, used in 
making a 34-inch fillet weld. 


Materials Import Study 
Shows Areas of Weakness 


A recent study by the Defense 
Production Administration shows 
materials that might be difficult to 
obtain if the U. S. were to be cut 
off from foreign sources of supply. 
It can provide a guide for long- 
range materials planning, but, at 
present, more than half the mate- 
rials studied are not in short sup- 
ply. Raw materials studied, along 
with percentage dependency on for- 
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eign sources and the present supply 
situation, are: 


Antimony 75% Ample 
Asbestos 95% Critical to mod- 
erately short 
Bauxite 
(aluminum) 65 % Adequate 
Beryl(beryllium) 90% Very tight 
Bismuth 50% Adequate 

. Chromite |. 

. (chromium) 99% Demand exceeds 
= supply 
Cobalt 90% Demand exceeds 

supply 
Columbium 100% Critically short 
Copper 35% Demand exceeds 


su 


pply 
Fluorspar (flux) 35% No supply problem 


Ilmenite 

(titanium) 32% Adequate 
Industrial 

diamonds 100% Just meets demand 
Iron ore 8% Ample supply 
Jewel bearings 90% Adequate 
Lead 45% Adequate 
Manganese 90% Adequate 
Mercury 90% Adequate 
Mica 95% Barely meets 

demand 

Nickel 99% Critically short 


Platinum group 90% About in balance 


Quartz crystals 100% Adequate 

Natural rubber 100% Recent improve- 
ment 

Rutile 

(titanium) 31% In balance 

Selenium 34% Meets 80% of 
demand 

Tin 100% Demand exceeds 
supply 

Tungsten 52% Supply exceeds 
demand 

Zinc 35% Adequate 


Copies of the complete report, 
Raw Materials Imports: Area of 
Growing Dependency, are pub- 
lished in two parts by the Office 
of Public Information, Defense Pro- 
duction Administration, Washing- 
ton 25, D. C. 


° 





Plastic Models 
Used in Vibration Tests 


Plastic models are being used by 
Westinghouse Electric Corp. to de- 
termine effects of vibration on 
generators and other large elec- 
trical machines before the units 
are built. Used when obtaining 
such information by mathematical 
computation is impossible, the 
models save costly design changes 
in the actual apparatus. 


In assembling the models, a hy- 
podermic syringe is used to inject 
acetone and plastic cement into 
holes drilled through two parts to 
be joined. This method helps in- 
sure better fixing of sections of 


¢ 


BRAKE TESTER: Designed and built by Chrysler Corp. engineers, this lab- 
oratory machine is used to test the endurance of the company’s power brake 
units. Normal braking, even from speeds up to 50 mph, seldom develops 
brake line pressures beyond a range of 160-260 psi; however, power brake 
units under test are made to generate pressures from 1000 to 1400 psi in 
the brake lines. Units must deliver at least 500,000 emergency “stops” with- 
out failure, and many complete 1.5 million maximum applications without 
a breakdown 














Engineering News 





the model which must withstand 
vibrations from the electromag- 
netic driver shown at the top of 
the plastic frame. Vibrations of a 
generator frame model are record- 
ed with the aid of a crystal 
phonograph pickup. In testing, a 
varied range of vibration frequen- 
cies is applied by the electromag- 
netic driver, which is similar to 
the driving element of a radio 
loudspeaker. 


Reveal Details 
Of Q-2 Jet Target Drone 


Somewhat less than half the size 
of present jet fighters, Ryan Aero- 
nautical Company’s Q-2 pilotless 
target drone displays performance 
characteristics comparable to jet 
aircraft now used in combat. The 
high-speed, high-altitude turbojet 


Lumber Unstacker 
Has High Capacity 


A novel machine for unstacking 
lumber from the drying kiln cars 
is estimated to have a daily ca- 
pacity of 200,000 ft. Until this 
machine was developed, it was nec- 
essary that two crews work over- 
time to unload and process the 
dried lumber at the Mt. Emily 
Lumber Co., Lagrande, Ore. 

To unload dried lumber from a 
kiln car, the load is winched from 





Firebee has been under test for 
two years, its principal use being 
that of a target for modern de- 
fense weapons. Simulating man- 
euvers of a piloted jet plane for 
training antiaircraft crews, it is 
equally adaptable for ground-to- 
air tracking and firing and for air- 
to-air interception problems. 


Constructed of aluminum, mag- 


° 


the cooling shed to rails on the 
main deck of the unstacker. When 
the load is properly positioned, the 
entire unstacker tilts toward an 
apron leading to the grading table. 
As tilting progresses, the load is 
also hoisted or elevated so that it 
nearly clears the side frame of the 
unstacker by the time it is fully 
tilted. Hoisting continues, and as 
each course of lumber clears the 
side frame, the course slides by 
gravity onto the apron leading to 
the grading tables. Stickers, the 
separators between courses, slide 
end-wise under the apron onto an- 
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Top view of Firebee, newly 

released by the Department 

of Defense, shows swept 

wing and tail, as well as air 

entry for its turbojet power 
plant 


nesium and stainless steel, the 
Firebee is composed of five major 
assemblies: fuselage, nacelle, wing, 
empennage and parachute contain- 
er. Wings, as well as tail assem- 
bly, attach to the fuselage with 
four readily accessible, self-align- 
ing bolts. The nacelle containing 
the engine is hinged to permit 
ready access to the interior of the 
compartment. 

Design includes a recovery sys- 
tem consisting of a two-stage para- 
chute which decelerates the drone 
from near-sonic operating speed 
and lowers it to the ground with- 
out damaging the plane’s structure 
or electronic controls. The para- 
chute mechanism operates auto- 
matically in the event of a target 


° 


other apron leading to an endless 
belt which carries them to the 
empty kiln cars of the previous 
load. 

Control of both tilting and lift- 
ing speeds of the unstacker is pro- 
vided by a Reeves variable speed 
transmission. Lifting speed is 
usually about one foot per minute 
while the return speed is five to 
six times the lifting rate. A large 
part in the development of the ma- 
chine was played by Pacific Coast 
Geared Products Inc., Reeves Pul- 
ley Co. representatives in Portland, 
Ore. 
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( ZEAR MoToR 


1 Helical, wear-hardened gears cut from 
alloy steel forgings and shaved before 
hardening for correct eccentricity 
and helical angle and bright, smooth 
surfaces — factors contributing to 
quiet operation and longer life. 





2 Gear arrangement in simple train 
minimizes number of moving parts 
—promotes quietness. 


3 Pinion and gear supported and 
spaced to reduce deflection— permits 
high load-carrying capacity. 


4 Splash system with large oil reser- 
voir assures constant and thorough 
lubrication of all parts. 


5 Anti-friction bearing construction 
throughout. 


6 Reliance Precision- 
Built Motors pro- 
vide the maximum 
in dependable and 
economical power. 

E-108 





Write for | 
GearMotoR Bulletin E-2404 | 


Sales Representatives in Principal Cities | 


RELIANCE 


ELECTRIC AND 
ENGINEERING CO. 


1079 Ivanhoe Road « Cleveland 10, Ohio 
| 


"All Motors are NOT Alike” | 
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hit, loss of radio-wave carrier from 
its remote control station, engine 
failure, exhaustion of fuel supply 
or at the direction of the remote 
control operator. The parachute 
detaches from the drone when con- 
tact is made with the ground, thus 
preventing damage due to drag- 
ging by ground winds. 

The Firebee is powered by a 
Fairchild J-44 turbojet engine 
which develops about 950 pounds 
thrust and is approximately 6 feet 
long and 22 inches in diameter. 
Wings and tail surfaces are sharp- 
ly swept back. The craft has a 
wingspan of approximately 12 feet 
and is 18 feet long. It weighs 
about 1800 pounds. 


| New Powder Metal Parts 
| Have Improved Ductility 


A new iron powder metal having 
improved ability to withstand high 
stresses without cracking can be 
used to make finished machine 
parts such as gears, cams, brack- 
ets, and lever arms. Such parts pre- 
viously had to be made from forg- 
ings or bar stock due to inadequate 
strength of powder metals. The 
new product, developed by Amplex 
Div., Chrysler Corp., is called Steel 
Oilite. 

Physical properties are said to 
be comparable to those of mild car- 
bon steels such as SAE 1010, 1020 
or 1030. Regular powder iron 
products will withstand pressures 
of approximately 35,000 psi; the 
new product will withstand twice 
that. Ductility of the new metal is 
two to three times that of other 
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CRYSTAL BALL: The young lady 
behind the crystal ball is looking 
into the future of submarine pro- 
pulsion. This plastic sphere is a 
model of a 225-foot steel ball now 
under construction by General Elec- 
tric’s Knolls, Atomic Power Labora- 
tory to house a land-based prototype 
of an atomic power plant for sub- 
marines. The sphere will contain a 
complete submarine hull section, as 
shown inside the plastic ball. Part 
of the hull will surrounded by 
water, making possible testing un- 
der conditions closely approximating 
those encountered at sea 
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Firebee in flight during tests 
in New Mexico. Controlled 
by radio, the pilotless drone 


seni, hades * 


can be flown at high alti- 
tudes and out of sight of its 
remote-control operator 
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powder metal parts produced by 
Amplex. Though the material is 
porous it is not intended for self- 
lubricating applications. 

Produced by pressing, sintering 
and finish sizing in a press, the 
parts may be plated by any of the 
normal processes. Steel Oilite may 
also be hardened by direct quench- 
ing or carburized and hardened. 


More Steel per Person 
Than Any Other Country 


More steel per person was used 
in the United States in 1951 than 
in any other country. Total pe! 
capita consumption in the U. 5. 
was about 1347 pounds. Canada 


with 805 pounds per capita, was 
second. 
Since before the war (average 0! 
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LOGAN FLUID POWER ¢ DURABLE, DEPENDABLE SINCE 1916 
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Gersoppa Falls in Mysore State, India. 
India's greatest and one of the world's 
most spectacular wonders. Divides into 
four separate falls. Height of falls, 960 
feet, five times higher than Niagara. 





LOGAN Nowrorarvc AIR CYLINDERS 
FAST-ACTING, POSITIVE CONTROLLED POWER . . . AT LOW COST 


A care a 










NONROTATING—7 STANDARD MOUNTING TYPES 


Standard sizes from I!/2" to 16" bore; maximum stroke, 18 feet. 
Special models to meet your requirements. 


Logan Features—Larger Ports . . . More Sturdy Construction ... 
Maximum Power Without Leakage . . . Permanent Seal Around Piston 
Rod . . . Standard Models With or Without Cushioning. 

4 ROTATING 
Two Standard Styles—Type R with cast iron body; Type K with 





Nonrotating Double- 


lightweight aluminum body. Acting Air Cylinder 
Rotetina Alr Bore diameter |!/2" to 20"; piston stroke I" to 2"; longer strokes 
Cylinder available as special. American Standard adaptations. poy oo 


duty, mill-type 
cylinder requirements 


LOGAN MANUFACTURES 6,975 STANDARD CATALOGED ITEMS 
FREE CATALOG ON REQUEST 
AIR CONTROL VALVES, Cat. 100-4 + AIR CHUCKS, Cat. 70-1 + AIR CYLINDERS, Cat. 100-1 + AIR-DRAULIC CYLINDERS, Cat. 100-3 


AIR and HYDRAULIC PRESSES, Cat. 51 * COLLET GRIP TUBE FITTINGS, Cat. 200-5 * HYDRAULIC CONTROL VALVES, Cat. 200-4 
HYDRAULIC CYLINDERS, Cats. 200-2; 200-3 - HYDRAULIC POWER UNITS, Cat, 200-1 » SURE-FLOW COOLANT PUMPS, Cat. 62 
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FORK 


HI-LIFT 
BURBANK, CALIFORNIA 


7310 Woodward Ave. 


LORD MAN 


(LORD MOUNTINGs 


SERVE DUAL PURPOSE 






PHILADELPHIA 7, PENNSYLVANIA 
725 Widener Building 


DALLAS, TEXAS 
233 South Third Street 413 Fidelit 
Life Building 


DETROIT 2,. MICHIGAN NEW YORK 16, NEW YORK 
280 Madison Avenue 


CHICAGO 11, ILLINOIS 
520 N. Michigan Ave. Room 8ll Hanna Building 





{ ~ READY- POWER 


“Live Power Units” 


| ps Shock Mountings accom- 
plish two vital objectives in the 
delivery of “Live Power” generated 
as needed directly on the truck chas- 
sis of industrial fork trucks, tractors, 
cranes and locomotives by Ready 
Power Units. 


1. The upper Lord Mounting J-4497-2 absorbs the 
unusually high “g” shock loads encountered in indus- 
trial lift truck service ... At the same time it is rigid 
enough to prevent excessive engine motion due to these 
destructive shock loads. 


2. The lower member J-4591-1 is a rebound snubbing 
washer thicker than the sandwich section of the upper 
member J-4497-2. Precompression thus allows variable 
bracket thickness of plus or minus 1/16 inch. Thus the 
Lord Mountings serve the dual purpose of minimizing 
the vibration and the multiple shocks to which Ready- 
Power units are subjected in powering the heavy tools 
of industry. You can profit by Lord experience in the 
control of vibration and shock. Write or call... 


DAYTON 2, OHIO 
410 West First Street 


CLEVELAND 15, OHIO 
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1936 to 1938) average consumption 
has increased 646 pounds from the 
usage of 701 pounds during these 
years. Estimated capacity of 117.5 
million tons available at the begin- 
ning of 1953 is 1483 pounds per 
capita. ; 

In third place was Sweden with 
710 pounds, followed by Australia 
with 633 pounds; United Kingdom, 
611 pounds; Belgium-Luxemburg, 
553; Germany, 483; and France, 
410. Russia’s consumption was 
about 342 pounds. 


Record Motor Production 
Predicted for Next Decade 


More electric motors will be 
built and sold between now and 
1963 than have been manufactured 
in the past 50 years, according to 
F. C. Ruling, manager of General 
Electric’s Atlantic district. Since 
the market for industrial products 
is expanding more rapidly than 
ever before, the electrical manu- 
facturing industry is expected to 
grow twice as fast as the rest of 
the economy in the coming years, 
he said. 
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CAST MAGNESIUM WING: Be- 
lieved to be the largest cast aircraft 
surface ever produced, this 16-foot, 
one-piece magnesium wing section 
was developed by Northrop Air- 
craft Inc. and the Aluminum Co. of 
America. Such wings, fabricated 
from AZ-92 magnesium alloy, can 
be produced more rapidly and eco- 
nomically than wings made by . 
welding or riveting aluminum ski 

to the spars and ribs, according to 
Alcoa. Although the magnesium 
wing section is only 14-inch thick in 
some spots, it is said to conform 
fully to aircraft quality standards 
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Plating Processes 
Require No Nickel 


Two decorative plating processes, 
for use on parts commonly having 
a copper-nickel-chrome finish, have 
been developed. They require no 
nickel, can be readily deposited 
over steel or copper, and are read- 
ily chrome-plated. Brilliance is re- 
ported to be comparable to copper- 
nickel-chrome. Protection of steel 
against red rust in a standard salt 
spray test is claimed to be as high 
as 200 hours, or twice the test life 
of good quality copper-nickel- 
chrome. 

Designated Probite CR-723, the 
finishes are a buffing-grade deposit 
for parts that can be color buffed 
after plating, and a sealer for use 
over the chrome plating. Complete 
information may be obtained from 
Promat Div., Poor and Co., 851 S. 
Market St., Waukegan, IIl., devel- 
opers of these finishes. 


Welded Studs 
Speed Harvester Assembly 


A special five-gun stud welding 
unit in use at the East Moline, II- 
linois plant of the International 
Harvester Co. welds 10 studs to a 
harvester-thresher rasp bar in less 
than 40 seconds. The complete 
cycle includes loading studs into 
the welding guns, positioning the 
work and welding ten studs five at 
1 time by shifting the rasp bar 
seven inches with an indexing de- 
vice. The granular flux-filled studs 
and stud welding unit are produced 
by Nelson Stud Welding Div. of 


Stud welder attaches ten studs to 
the rasp bar in less than 40 seconds 














TWO MILLION WITHOUT A FAILURE! 



























































parts: small connecting rods 


alloy: “600” series metal, a high 
strength bearing bronze that contains 


no tin 

quantity to date: over 2,000,000 
asain of failures: none 
forged by: Mueller Brass Co. 


advantages: no bearing insert is 
necessary on either the wrist pin or 
crankshaft end because each rod acts 
as its own bearing. Dense homogen- 
eous grajn structure, close dimensional 
tolerances and high mechanical 
properties often permit redesigning 
for weight savings as high as 15% to 
25%. “600” alloys have low coefficient 
of friction, high resistance to corrosion 
and tensile strength 2% times greater 


than cast phosphor bronzes. 


uses: compressors, outboard motors, 
small high speed gasoline engines. 
Best results are obtained if they 
operate against hardened, ground and 
polished shafts. 


**600” SERIES ROD is produced 
in standard 12-ft. mill lengths and a wide 
range of sizes and special shapes. This rod 
has a fine, uniform grain structure and 
the mechanical properties are rigidly con- 
trolled in the cold drawing process. Scrap 
loss is greatly reduced in machining op- 
erations because of the complete absence 
of defects. For complete information, 
write us today. 


104 


MUELLER BRASS CO. 


PORT HURON 15, MICHIGAN 








get good reception 


X SERIES 

























TELEVISION 














The high quality audio connectors shown 
above are available from all Cannon Fran- 
chised Distributors. In their great variety of 


sizes, shapes and contact arrangements there M1 SERIES 
is no problem or technical requirement in the ~~ 

radio, sound, TV or related fields that cannot Ly 7 

be met. Cannon plugs are standard on leading iS LS 
makes of audio equipment and microphones. | ES 


CANNON ELECTRIC 


Since 1915 . 


ELecTRic 


FACTORIES IN LOS ANGELES, TORONTO, NEW HAVEN 
Representatives in principal cities. Address inquiries to Cannon Electric Co., 
Dept. D185, Los Angeles 31, California. 
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Rack loaded with completed bars 


2 es 





Gregory Industries Inc. 

Through-bolts were previously 
used on the rasp bars, which were 
drilled and countersunk so the bolt- 
heads would not project beyond the 
stripping surface. Stud welding 
has eliminated the danger that 
bolts made to conform to the con- 
tour face would turn to positions 
that would interfere with smooth 
operation. Some implement manu- 
facturers using both single and 
multiple stud-welding units report 
savings up to $1.54 per combine 
cylinder assembly. Field removal 
and replacement have also been 
simplified as nuts holding the rasp 
bars to the backup plates can be 
removed from the studs although 
the nuts may be rusted or fouled. 





Harvester-thresher unit showing 
rasp bar cylinder assembly in place 
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James W. Murphy was recent!) 
named manager of sales of th« 
stainless and alloy castings divi 
sion of Allegheny Ludlum Stee! 
Corp. at Buffalo. Mr. Murphy has 
been associated with the company 
since 1936 and has served as aS- 
sistant sales manager of the cast- 
ings division for several months. 
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JONES Products—W hile specifically de- 
signed for the heavy industries — are 
competitive for all applications. All the 
added values of sturdier design, heavier 
construction and better materials are 
yours without extra cost. 








Ask for Bulletins 





Cement Kiln Drive Shoft Assembly Mounted on 
4-15/16" Pillow Blocks 





“ . 
SPEED REDUCERS AND COMPLETE DRIVES a org vw to 9 — Size 
Timken Equipped, Adaptor Sleeve Type 
TO 500 HORSEPOWER Self-Aligning, Dust-Tight 
HERRINGBONE WORM GEAR WORM HELICAL Sizes to 4-15/16” in Stock 








CAST IRON 
CONVEYOR PULLEYS 
Tailor-Made to Spur Gear and 
Your Requirements. Pinion Stand 
CUT GEARS 
to Your Specifications 
HBR Jones 60” x 57” Rubber Covered Pulley HERRINGBONE - WORM 
: mounted on 9” Jones Timken Pillow Blocks HELICAL - BEVEL - SPUR 





In The Service Of Industry 
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since 1907 








Shaved 
Semi-hardened 
Helical Gear for 
High-speed Blower 










Since 1907 The Cincinnati Gear Com- 
pany has been producing quality gears, 








































custom made to exacting specifications by 


expert craftsmen. Through these many decades ™ SPUR 

of faithful and consistent service to industry, WORM 
Cincinnati Gear has earned an enviable rep- INTERNAL 
utation—a reputation as a firm in which you SPIRAL BEVEL 
can have complete confidence. This reputation HELICAL 


: : — 
is your assurance of complete satisfaction with HERRINGBONE 


every gear. *CONIFLEX BEVEL 


Call, write or wire for full information. = SPLINE SHAFT 
*Reg. U.S. Pat. Off. 








THE CINCINNATI GEAR ‘COMPANY 


“Gears ...Good Gears Only” 


a 


BIG.,SMALL 


UP TO 16" O.D. . . . « DOWN TO 5/16" O.D. 


SPECIAL 


ANTI FRICTION BEARINGS ARE 
ROUTINE BUSINESS FOR US 








ROLLER, BALL OR NEEDLE 


Your requirements for SPECIAL Anti- MORTON TYPES OF 
Friction bearings may look tough to fill, SPECIAL and STAND- 
but we'd welcome the chance to look ARD THRUST BEAR- 


them over. INGS 
Morton Bearing Company has handled 

some mirhtv difficult ones in the past. Flat Races— 
QUANTITIES . . . from one to thous- 


onde Grooved Races— 
SIZES . . . from 5/16” to 16” O.D. Flat Seats— 


SPECIAL RADIAL, THRUST or Spherical Seats— 
ANGULAR CONTACT bearings made Banded Ball— 
to meet specific customer requirements Deuble Directlena— 
of load, speed or space limitations. 
N * Extra Light * 
lo matter how unusual, how exact- ‘ 
ing your specifications may be, SEND * Light* Medium * 
THEM TO US FOR SPEEDY QUOTATION * Heavy Series * 
AND DELIVERY ESTIMATE. No obliga- 


tion of course. 
BEARING COMPANY 
MORTON in iin 


SEND NEW CATALOG QF STANDARD ANTI-FRICTION BEARINGS 











Name 

Firm Name 

Products Manufactured 

Street * City State 
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Fluid Power Controls 
To Be Subject of MIT Course 


Planned especially for engineers 
whose work is in some phase of the 
fluid power controls field, an ad- 
vanced course in this subject will 
be conducted by members of the 
Mechanical Engineering Depart- 
ment of Massachusetts Institute of 
Technology in co-operation with 
the staff of the Dynamic Analysis 
and Control Laboratory. Profes- 
sor John A. Hrones, director of 
this laboratory, will be in charge 
of the two weeks’ program. 

Highlights of the course will in- 
clude discussions of the fundamen- 
tals of fluid flow, new concepts of 
flow valve performance and design, 
and the generation and utilization 
of compressible and incompressible 
fluid power. Analytical and simu- 
lation techniques for studying the 
dynamics of valve controlled sys- 
tems will be discussed, and there 
will be appropriate laboratory dem- 
onstrations. 

The course will be given July 6- 
17, with enrollment limited to 
those whose industrial and educa- 
tional experience will enable them 
to contribute to and benefit from 
the program. Further information 
and application blanks may be ob- 
tained from the Director of the 
Summer Session, Room 3-107. 
Cambridge 39, Mass. 


= 


An addition of 25,000 sq ft of 
manufacturing space is_ being 
planned by the American Welding 
& Mfg. Co., Warren, O. The sec- 
ond step in a $5 million expansion 
program, this addition will consist 
of a 20,000-sq ft structure to house 
machine tool equipment. First 
step in the expansion program was 
a new building opened for produc- 
tion in March 1952. In addition, 
present production area of the com- 
pany’s Warren Machine & Die Div. 
will be doubled. 


¢ 


A new laboratory which provides 
complete facilities for testing and 
developing materials, equipment 
and processes for customers has 
been opened at the F. Jd. Stokes 
Machine Co., Philadelphia. 
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o get better prints... faster 


Tapco Plant, Thompson Products, Inc. 
uses Kodagraph Autopositive intermediates 


in print production. 


The Tupco Plant knows full well that illegible shop prints 
pave the way for costly reading errors; knows, too, that 
Kodagraph Autopositive intermediates are low-cost insurance 
against such a possibility. 

It therefore reproduces its more critical and complex jet and 
valve drawings on Kodagraph Autopositive Paper Translucent 
and thus obtains—quickly and easily—sparkling “masters” for 
print-making which have dense photographic black lines on 
an evenly translucent, premium-quality paper base; which will 
produce highly legible whiteprints time after time at stepped- 
up machine speeds. 

Extremely fine-detailed drawings are reproduced on Koda- 
graph Autopositive Film, which captures the faintest detail . . . 
keeps close lines from “filling in”. . . and produces top-quality 
photographic intermediates which have extremely fast print- 


back speeds. 
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No negative step ... no darkroom han- Autopositive intermediates save creative drafting Autopositive reclaims “unprintables.” 
dling. Kodagraph Autopositive Paper and time. Tapco Plant makes necessary changes in its Many old drawings that have lost line den- 






















Film are handled in exactly the same man- __ basic designs without costly redrafting by (1) mak- sity or are soiled or torn are transformed 
ner .. . produce positive photographic inter- ing Autopositive prints of the original drawing; (2) into print-making masters by reproducing 
mediates directly. First, they are exposed in removing the unwanted detail from the Autopositive them on Autopositive Paper or Film. Stains 
one of the Tapco Plant’s direct-process ma- _ reproduction with eradicator fluid. Then, the drafts- and crease marks are dropped out . . . weak 
chines—or in a photocopy unit. Then, they _ man has only to add the new detail . . . and a print- detail is made more legible—saving hours of 
receive standard photographic processing. A making master is ready. One which will produce redrafting. Autopositive Paper is also used 
fast, convenient room-light operation all the —_ highly legible prints without confusing “ghost” im- to duplicate a variety of office records, non- 
way. And no new equipment needed. ages in the eradicated area. translucent vendor prints, etc. 


Kodagraph Actoposrtiive Wetectals 


“THE BIG NEW PLUS” in engineering drawing reproduction 
ee ee MAIL COUPON FOR FREE BOOKLET ._.. ee 


EASTMAN KODAK COMPANY 19 
Industrial Photographic Division, Rochester 4, N.Y. 


Gentlemen: Please send me a copy of your illustrated booklet 


Write today for a free 

copy of “Modern Draw- 

ing and Document Repro- 
duction.” It gives complete 





giving the facts on Kodagraph Reproduction Materials. 




















stall on the revolutionary AO, 

ine of Kodagraph Repro- ro 

duction Materials, which _— sree te 

you, or your local blue- Company 

printer, can process conven- — ; 

ently, economically. _ yr. al Ik 
City Zone State Q) al 
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HESE Industrial Gearmotors are 

built to stand up under all condi- 
tions. Here’s why — quality construction 
throughout, finest alloys for gears and 
pinions, accurate alignment, heavy- 
series ball bearings, rigid cast iron 
frames and precision production. 

A. O. Smith Gearmotors are offered 
in twenty-one standard speeds ranging 
from 780 RPM down to 13.5 RPM and 
in ratings from 1 HP to 50 HP. Stand- 
ard AGMA Classes I, II and III. Special 
output speeds and mounting arrange- 
ments available on request. 


MOTOR 










FREE-— For 12-page 
engineering bulletin, write 
A. O. Smith Corporation, 
Electric Motor Division, 
1000 Webster St., Dayton 
4, Ohio. Or, Western Divi- 
sion, 5715 SMITHway St., 
Los Angeles 22, Calif. 
























DIVISION 





Factories at Tipp City, Ohio and Los Angeles, California « Offices in Principal Cities 


International Division, Milwaukee 1, Wisconsin 
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Mechanical Engineers 
Needed in Electronics Field 


Mechanical engineers have a 
bright future in the field of elec- 
tronics, acording to A.C. DeNapoli 
Jr., chief mechanical engineer of 
Motorola Inc. In an address en- 
titled “The Mechanical Engineer: 
His Future Possibilities in the 
Electronics Industry,” given before 
the Chicago chapter of ASME, he 
traced the growth of the electron- 
ics industry, pointing out that the 
development of sound motion pic- 
tures was the first important col- 
laboration of electronic and me- 
chanical engineers. 

With the growth of radio, tele- 
vision and military and industrial 
electronics, the importance of good 
mechanical engineering as well as 
circuitry has brought the mechan- 
ical engineer closer to the elec- 
tronics field, according to Mr. De- 
Napoli. He predicted that, although 
many present mechanical devices 
will be operated electronically in 
the future, this electronic growth 
will actually increase, rather than 
diminish, the need for mechanical 
engineers. 


Metallic Hose 
Replaces Swivel Joints 


Gas lines to the bunsen burner 
and hot and cold air lines made of 
Titeflex convoluted flexible metal 
tubing eliminate the need of ball 
or swivel joints in the S. S. White 
Dental Company’s Master Dental 
surgery room unit. The 90-degree 
swing motion of the accessory 
table arm of the unit is taken up 
by the tubing, which flexes gently 
around the arm bearing column. 

Each flexible section is one and 
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one-half turns around the column. 
As the arm moves the flexible tub- 
ing slackens and rides away from 
the column or the slack is taken 
up depending on the direction of 
rotation of the arm. Ends of the 
flexible sections are connected to 
rigid seamless tube lines at both 
supply and table arm ends. All 
joints are, therefore, secured 
against movement and the ten- 
dency to develop leaks. 

The bronze, single braid hose 
used has a special braided cotton 
cover to eliminate possible noise. 
As flexing of the hose in more 
than one plane is not recommend- 
ed by the manufacturer, the flat 
supports shown in the accompany- 
ing photograph were installed to 
confine all flexing to the horizontal 
plane. 

To allow maximum space for 
flexing of the hoselines, all elec- 
trical lead wires are installed in 
the center column of the stand. 


Abrasive Belts Grind 
Extruded Tubing 


Developed primarily for grinding 
stainless steel and other high alloy 
tubes produced by the Ugine- 
Sejournet extrusion process, in 
which a hot steel billet is forced 
through a Fiberglas lubricated die, 
a new centerless grinder utilizes 
two coated abrasive belts. Two 
pounds of stock can be removed 
from a 15-foot length of 2.375-inch 
OD tubing in two minutes. The 
result of co-operative engineering 
between Behr-Manning Corp. and 
Production Machine Co., the new 
process has as its objectives (1) 
removal of stock from the extruded 
tubing at a faster rate than ob- 
tainable by any other method of 
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TRANSFORMERS 


Specialists in SMALL quantities 
of custom built transformers 
from milliwatts 
to 50 KVA, single 
or polyphase— 
designed and 
manufactured to 
best meet your 
exact requirements. 


“ELECTRAN mre. co. 


1901 CLYBOURN AVENUE °* CHICAGO 14, ILLINOIS 


AC bigger, | Better WISCONSIN 


HEAVY-DUTY -4c:-(Zooled 
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The NEW M del 
VG4D *; 2503 














































































a 16% 

. 4) More Power \ 
Si) For Your 
Equipment 








TO FIT THE 


JOB TO FIT THE 
MACHINE 


Complete Power Unit 
with Clutch Reduction. 
Another engineering achievement . . . the NEW Model 

VG4D V-type 4-cylinder Wisconsin Heavy-Duty Air-Cooled 

Engine, increasing the power range to 36 hp. — a power gain of more 
than 16% over the VP4D, former top engine in the line. 


The NEW Model VG4D is an exceptionally smooth-running, even-firing engine. Its light 
weight and compactness in design simplify the problem of engine installation on modern 
equipment where weight and space limitations are important factors. 


Every one of the traditional Wisconsin 4-cylinder features are built into this new model. 
These include, to name a few, tapered roller main bearings, dynamically balanced 
forged crankshaft, mirror finish on crank pins, Stellite-faced exhaust valves and valve 
seat inserts and honed cylinders for long, dependable, heavy-duty engine life. 

The Model VG4D engine is definitely Tops in Performance, delivering a maximum of 
power per pound of engine weight, at minimum operating and maintenance costs. 

We invite your request for complete detailed specifications. 


SO » WISCONSIN MOTOR CORPORATION 


World's Largest Builders of Heavy-Duty Air-Cooled Engines 
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Our business 

















ALL-HYDRAULIC TraveLloader 


Latest advance in self-propelled, high-speed loader uses Blackhawk 
Hydraulics throughout. Three sizes of rams, V-283V VALVBANK 
and P-104 Pump provide adjustment of conveyor for varying truck 
heights . . . raising of front wheels for highway travel . . . lifting of 
feeder for cleaning and servicing. 


For low-cost, positive-sealing control valves — standard 
VALVBANK sections can be combined in unlimited combinations 
Blackhawk VALVBANKS are without comparison for controlling 
the flow of oil into single- or double-acting rams or any other hydrau- 
lic device requiring corresponding control. The V-28 valve (shown 
at left in a VALVBANK) is an open-center, series type, precision- 
control valve for all pressure ranges. Hydraulically balanced, it 
handles up to 6000 psi working pressures with finger-tip actuation. 
Flow capacity up to 6 gpm. VALVBANKS can be built up in any 
combination of single- and double-acting control units and include a 
relief valve. Spring-return to neutral “hold” position provides “dead- 
man control.” All ports are 14” standard standard pipe thread. 
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Blackhawk is a creative source of supply 
for hundreds of successful manufacturers 
If you build agricultural, construction, or materials 
handling machinery — or any other product requiring 
positive, long-life, low-cost control — it will pay you to 
investigate the sales-building advantages of Blackhawk 
Hydraulics. For a single component, a complete hydrau- 
lic system or a self-contained hydraulic tool — here are 
three of many reasons why Blackhawk can help you 
build new performance, new economies into your product: 


1. LOWER COST PER COMPONENT — Continuous, 
full-scale line production brings startling savings on a 
broad range of standard units. 











ed 


DIVOT DIGGER — Turf aerator loosens 
soil under grass cover without disturbing 
turf. Blackhawk hydraulic pump lifts and 
lowers the reel to clear obstacles. 








earvoR 


is HYDRAULICS... 


to help “power” your business 





BALLAST WASTER — Fouled railroad bal- 
last is removed from roadbed and wasted 
over the bank. Blackhawk pump and 
valve control chain propulsion mechanism. 









2. SAVINGS IN OTHER MATERIALS AND IN AS- 
SEMBLY TIME — Dramatically compact design saves 
space and weight. Components for systems in all pres- 
sure ranges. 


3. CUSTOMER SATISFACTION — Simplified construc- 
tion has proved itself to be long-lived under the most 
grueling field conditions. 


You are invited to take full advantage of Blackhawk’s 
unmatched engineering and manufacturing facilities. 
Write for detailed engineering literature on the com- 
plete line of Blackhawk pumps, rams and valves for 
original equipment applications. 





POWER WHEELBARROW can also be 
equipped with a variety of front-end at- 
tachments like this fork-lift which uses 
Blackhawk hydraulics to lift 500 Ibs. 


= 





TRACTOR-MOWER — Blackhawk pump, 
rams and valve provide positive raising 
and lowering of all five of the cutting 
blades on this deluxe mower. 
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BLACKHAWK MFG. CO., HYDRAULIC CONTROL DIVISION ° 


SEEDLING PLANTER — Plow and disc as- 
sembly are raised and lowered by a Black- 
hawk ram and “Power-Packer,’® a self- 
contained pump, valve and reservoir unit. 


PIONEER SPECIALISTS IN 


SERVICE TRUCK — Blackhawk hydraulic 
hand-operated pump permits easy lifting 
of loads up to 6000 Ibs. Hydraulic safety 
valve prevents dangerous overloads. 


HYDRAULICS FOR 25 YEARS 


*BLACKHAWK 


DEPT. 


J-5443 - 


MILWAUKEE 1, WISCONSIN 


343 








RESET 
BUTTON 


TRIP 
RING 


CONDUCTOR 
STRIP 


FIXED | 
CONTACTS 


MOVABLE 
CONTACTS 



















LATCH 
PLATES 


BI-METAL 
ELEMENT 


RESET 
PLUNGER 


EXTENSION 
SPRINGS 


RETURN 
SPRING 


in MECHANICAL PRODUCTS’ 


MINI-BREAKER._ 


The Mini-Breaker, manufactured by Mechan- 
ical Products, Inc., is a plug type circuit 
protector that provides positive, permanent 
protection against overloads and short circuits 










puts 
perpetual 

































in electrical appliances and the wiring of 
residential or commercial buildings. Mini- 
Breakers are installed in Edison base fuse 
sockets and are built in 15, 20, and 30 
ampere ratings. The trouble-free actuating 
element is largely dependent upon Chace 
Thermostatic Bimetal. 


Under normal line conditions, electric current 
passes through the Conductor Strip and the 
Chace Thermostatic Bimetal actuating ele- 
ment, which carries a pair of movable con- 
tacts. On a direct “short” or a sustained 


Product of . 
Mechanical overload, the excessive heat generated causes the element to bend 
—_ = away from the latch plates on both sides of the center reset plunger. 


A preloaded return spring then forces the plunger outward while 
twin extension springs pull the element and the movable contacts 
back ... away from the fixed contacts . . . thus breaking the circuit. 
The circuit is restored by pressing in the reset button. 


Chace Thermostatic Bimetal is manufactured in 29 types, in strips, 
coils, random long lengths and welded or brazed sub-assemblies. 
We also provide specialized tooling necessary to fabricate bimetal 
elements to customer designs. Before proceeding with your next 
design, we invite you to consult our Application Engineers, recognized 
authorities on temperature responsive devices—or write today for 
your copy of our 32-page booklet “Successful Applications of Chace 
Thermostatic Bimetal,” containing condensed engineering data. 


W. M. CHACE CO. | 


Thermostatic Bimetal 


1616 BEARD AVE., DETROIT 9, MICK. 
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grinding; (2) removal of the Fiber- 
glas skin and extrusion die marks; 
(3) removal of taper from the tub- 
ing; and (4) imparting of an ac- 
ceptable finish to the tubing. 

A 50 grit aluminum oxide water- 
proof cloth abrasive belt 9 inches 
wide and 168 inches long does the 
grinding. Work is fed past the 
grinding belt by a 220 grit alumi- 
num oxide waterproof cloth ab- 
rasive regulator belt 934 inches 
wide and 58 inches long. Lubrica- 
tion is provided by a cutting oil 
which is sprayed on the belt by a 
fan type nozzle. The recirculating 
lubricant flushes away the grin- 
ing swarf and prevents rewelding 
of the chips. 

A 20-inch diameter steel con- 
tact wheel mounted on a 4-inch 
shaft supports the grinding beit 
against the work. This wheel also 
serves as the belt drive pulley. 
Driven by V-belts from a 25-horse- 
power motor, it forces the belt past 
the work at surface speeds of 3500- 
10,000 fpm. 

The entire regulator belt as- 
sembly can be adjusted about a 
horizontal axis to provide a work 
feed angle of from 0 to 15 degrees 
in either direction from the vertical, 
which, together with a variable 
speed drive, makes possible an in- 
finitely variable workpiece feed rate 
from 0 to 30 fpm. Work feed angie 
of the coated abrasive regulator 
belt can be changed at will. 

Uniform rate of stock removal 
is maintained across belt width by 
setting a small taper between the 
contact wheel spindle and the face 
of the back-up platen. As a re- 
sult of uniform pressure across the 
face of the belt, dimensional ac- 
curacy is assured during belt life. 
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EQUIPMENT 


MACHINE DEesIGN—April 1953 


eee 
dependability ™ 
* de kew 
If there’s any one word that typifies CLARK Drive Units 
it’s “Dependability” ... the year-in-and-out assurance of 
smooth, efficient performance even under the most 
punishing conditions. They’re designed specifically for 
the job ... soundly engineered . .. built to exacting 
standards ...and backed by 50 years of experience. You 
might find this a good reason to follow the lead of the 
many manufacturers of heavy duty automotive, farm 
and industrial equipment who say, “it’s good business 
to do business with CLARK.” 











ClA RK EQUIPMENT COMPANY 


BUCHANAN, MICHIGAN 
Other Plants: BATTLE CREEK and JACKSON, MICHIGAN 


PRODUCTS OF [>] TRANSMISSIONS « © AXLE HOUSINGS © TRACTOR DRIVE 
UNITS © FORK AND TRACTORS * POWERED HAND 
CLARK TRUCKS © GEARS AND FORGINGS © ELECTRIC STEEL CASTINGS 
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ROPER 


ROTARY PUMPS 
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MODELS FOR AN 
EXCEPTIONALLY WIDE SERIES F 
RANGE OF APPLICATIONS PUMP 
SERIES TYPICAL USES PRESSURES SIZES 
All Petroleum Handling 
3600 | Siceconpoenes to 60 P.S.1. | 40-300 G.P.M. 
General Transfer 
Pressure Lubrication 
r tas) oe eget to 300 P.S.1. | 1-300 G.P.M. 
Lube Oil Transfer 
Pressure Lubrication 
a. a to 150 P.S.. | %-50 G.P.M. 
Fuel Supply 
Hydraulic Power 
| en to 1000 P.S.I.| 5-75 G.P.M. 


Pressure Lubrication 
High Pressure Coolant 








NAME 


ADDRESS 





—_— 





New! 








LATEST EDITION OF THIS 
BOOKLET NOW READY FOR 


YOU! SEND FOR YOUR FREE COPY 


A valuable guide covering important fundamentals 
of estimating requirements of the average pumping 


job. It includes tables, charts, sample problems, and 
other pertinent data. SEND COUPON BELOW. 


Geo. D. Roper Corporation, 244 Blackhawk Park Ave., Rockford, Ill. 


Please Send Booklet—‘‘How to Solve Pumping Problems” 
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_ Extrude Large Tubing 








| 


By Ugine-Sejournet Process 


A new extrusion unit for produc- 
ing stainless steel seamless tubing 
up to 64 inches in diameter has 
been placed in service at United 
States Steel Corporation’s Nation- 
al Tube Div. plant in Gary, Ind. 
Maximum size with previous equip- 
ment was 5% inches outside diam- 
eter. The new unit, employing the 
French Ugine-Sejournet process 
in which glass in various forms 
acts as a high-temperature lubri- 
cant for extrusion dies, consists of 
a 2500-ton capacity hydraulic 
press and related facilities. 

Tubing can be produced from 
nonpierceable grades of stainless 
steel with the new facilities. Un- 
usual shapes that cannot be rolled 
because of their unbalanced design 
can also be extruded. 

The main press ram is powered 
by a 2000 ton hydraulic cylinder, 
and the piercing ram or mandrel 
by one of 500 tons. Power is 
transmitted through a closed hy- 
draulic system using a solution of 
city water and soluble oil as fluid. 
Total fluid capacity is 8000 gallons, 
provided by a 1200-gallon prefill 
tank and a 6800-gallon gravity 
tank. Two hydropneumatic ac- 
cumulator systems provide fluid 
pressure of 3900 psi. Maximum op- 
erating pressure requirement is 
3600 psi. Air for charging and re- 
charging the accumulators is pro- 
vided by a 4000-psi compressor. 
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America’s Leading Automobiles Use 
MECHANICS UNIVERSAL JOINTS 


lems all have been overcome 


For the very iatest in design 
and highest quality workman- 
ship — America's leading 
automobiles rely on MECH- 
ANICS. MECHANICS drive 
lines are engineered to meet 
each customer's specific 
needs. Torque, size, weight, 
balance, vibration, angularity, 
runout, safety, lubrication, 


assembly and service prob- 


—to each customer's complete 
satisfaction. Let us help engi- 
neer joints and drive lines to 


fit Your products. 


MECHANICS 
UNIVERSAL JOINT 
DIVISION 
Borg-Warner 


2032 Harrison Ave. 
Rockford, Ill. 


ECHANICS 


Roller Bearing Bi 
NIVERSAL JOINTS 


Road Machinery + 





Tractors + Farm Implements + 
Tanks + Busses and Industrial Equipment 


Br Cars + Trucks + 
Aircraft + 
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Here’s why leading manufacturers specify 
CAMBRIDGE Wire Mesh Conveyor Belts. .« 






ACCURATE CONSTRUCTION— every step of the construction of 
your belt is carefully controlled so that the finished belt meets 
specifications for size, mesh count and mesh openings. Even the 
welds at the edge of the belt are specially inspected to make sure 
you get maximum protection at this most vulnerable part of the belt. 


RANGE OF SPECIFICATIONS—regardless of the type of product 
to be handled by the equipment you design, there’s a Cambridge 
wire belt specification to meet your needs . . . close meshes for 
small parts or flat bottom containers, open meshes for larger or 
heavier parts. Even processing through heat, cold or corrosive con- 
ditions is a snap when the proper metal or alloy is chosen for 
fabricating your Cambridge wire mesh conveyor belt. 


EXPERIENCED ENGINEERING SERVICE — the combination of 
trained engineers both in the Cambridge plant and on our sales 
staff is your assurance that the belt recommended for you is the 
right belt. Cambridge engineers can work with you in any phase 
of conveyor belt usage . . . conveyor design, plant layout, equip- 
ment specifications, etc. 

P. S. IF YOU HAVEN'T CONSIDERED WIRE MESH BELTS you'll do well to find out 
how they cut costs and speed production by combining movement with process- 
ing of foods, chemicals, metal or ceramic products. For information write direct 
or call in your Cambridge Field Engineer. Look under “Belting-Mechanical” in 
your classified telephone directory for the Cambridge man nearest you. 
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Typica) Cambridge belt weaves, Balanced and Rod-Reinforced 
are widely used for many processes which can be combined 
with movement, as well as for ordinary handling. Other weaves | 
are also available. 


NEW, WIRE BELT MANUAL, FREE 


Gives data on design, installations and con- 
struction. Write for your copy now. 





The Cambridge Wire Cloth Company 


METAL |1| SPECIAL Department N 
BELTS +->—TFABRICATIONS Maryland 


| 
| 
| 
+ CONVEYOR-—— iar-W Cambridge 4, 
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Frozen Aluminum 
Speeds Aircraft Production 


A 40 by 12 foot refrigerator 
standing 11 feet high was placed 
in operation recently at the Bur- 
bank plant of Lockheed Aircraft 
Corp. Capable of cooling 2500 
pounds of aluminum from room 
temperature to — 20 F in two hours, 
the 5000 cubic foot deep freeze 
keeps plane parts soft between 
steps in fabrication. 

Aluminum parts become soft 
during the heat-treating process 
which finally gives them high- 
strength and hardness. If allowed 
to cool at normal room temper- 
ature, they harden rapidly. Such 
hardness hinders further forming 
and shaping operations, but it has 
been found that quick freezing 
keeps the metal soft indefinitely. 
Parts heated to as much as 970 F 
in giant ovens are now quenched, 
rushed into the ice box and frozen 
until machines and men are ready 
to perform further operations. 


- Radioactive Source for 


Industrial Investigations 


The largest radioactive source 
outside of the Atomic Energy Com- 
mission installations will become 
the heart of a new Radiation En- 
gineering Laboratory at Stanford 
Research Institute. To be used in 
the investigation of industrial ap- 
plications for nuclear energy—in- 
cluding the nondestructive testing 
of complicated metal castings and 
parts—a quantity of Cobalt 60, a 
strong gamma-ray emitter, was 
transferred to a laboratory tank 
containing 5400 gallons of water, 
which provides a totally safe 
shield. 

The power source comprises 
four cylinders and a rod, each 4 
foot in length, which can be nested 
or used in various combinations. 
The five elements weigh ten 
pounds when combined and are 
separately rated at 1480, 1200, 
1100, 680 and 110 curies. 

Gamma rays emitted from the 
source are similar in type to 
X-rays, although they have 4 

(Continued on Page 353) 
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(Continued from Page 248) 
shorter wavelength and much 
greater penetration power than 
most commercial X-ray machines. 
Emissions from a source of the 
size of the new installation are 
stronger than a one million-volt 
X-ray machine. 

Service will be provided compan- 
ies wishing to explore uses of radi- 
ation for their processes or prod- 
ucts. Samples may be brought to 
the Institute for irradiation at 
specified intensity and duration. 


Largest Circuit Breakers 


Ordered for Atomic Project 


Eighteen of the world’s largest 
circuit breakers, each with an in- 
terrupting rating of 25 million kva 
at 330 kv, will be built by Westing- 
house Electric Corp. for the Ports- 
mouth, O., Atomic Energy Commis- 
sion project. 

Operating in connection with 
sensitive relaying equipment, the 
breakers will automatically stop 
short circuits or faults within 1/20 
of a second. Within 1/3 of a sec- 
ond, when desired, the breaker will 
close again, re-establishing service 
if the fault has been removed. 

- 


The Tocco Industrial Heating Div. 
of the Ohio Crankshaft Co., Cleve- 
land, has announced winners of its 
1952 “Economy in Production” con- 
test. Winner of the $1000 first 
prize was Lloyd E. Raymond, Met- 
allurgist at Singer Mfg. Co., Bridge- 
port, Conn., whose paper showed 
how the Tocco process had reduced 
hardening time 62 per cent in the 
manufacture of sewing machine 
parts. Other prize winners are 
John P. Isaacs, Norris Thermador 
Corp., Los Angeles, and Henry C. 
Fischer, Army Chemical Center, 
Edgewood, Md., both of whom won 
$600; R. H. Lauderdale, Northern 
Ordnance Inc., Minneapolis, who 
was awarded $400; and J. C. Scul- 
lin, Cardinal Machine Co., Glendale, 
Calif., who won $100. 


+ 


A new 50,000-sq ft plant for the 
production of relays was recently 
completed by C. P. Clare & Co. in 
Chicago. 
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We're proud of these 
customers for 


LAMINATED SHIMS 
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SHIM HEADQUARTERS 
SINCE 1913 


Check Our Stampings Division 
For Your Stamped Parts Requirements 


1204 


These famous companies 
are all using the foolproof, accu- 
rate shim method of spacing 
their machinery components. 


May we send you our literature? 





© LAMINATED O 













O COMPANY, INC. O 





UNION STREET * GLENBROOK, CONNECTICUT 
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Le BITAN Leather Cups, 
Packings and Gaskets 


— 


sk 











GARLOCK GUARDIAN 
Asbestos-metallic Gasket 


GARLOCK CHEVRON 
Hydraulic Packings 





GARLOCK KLOZURE Oil and 
Grease Seals for Bearings 


BITAN* 
CHEVRON* 
GUARDIAN* 
KLOZURE* 
LATTICE-BRAID* 


GARLOCK LATTICE-BRAID Rod 
and Shaft Packings 


These familiar brand names are registered trade-marks 
belonging to The Garlock Packing Company. They are 
never to be used as generic terms to designate types of 
products and are properly used only to denote products 
manufactured by Garlock. 


*Trade-Mark 
Reg. U.S. Pat. Off. 











ARLOCK 


BITAN Leather Packings, CHEVRON Packings, 
GUARDIAN Gaskets, KLOZURE Oil Seals and 
LATTICE-BRAID Packings are all exclusive prod- 
ucts of Garlock’s own factories. So, wherever you see 
these trade-marks you can be sure that the products 
with which they are used are of proper design and are 
manufactured to the highest quality standards. They 
will give you long, dependable service. 


Branch Offices in Principal Cities 


THE GARLOCK PACKING COMPANY, PALMYRA, NEW YORK 
In Canada: The Garlock Packing Company of Canada Ltd., Toronto, Ont. 


® PACKINGS, GASKETS, OIL SEALS, 
MECHANICAL SEALS, 
RUBBER EXPANSION JOINTS 





| Develop New Insulation 
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A new insulation against heat, 
with potential applications in fields 
where heat and limited insulation 
space are factors, is under de- 
velopment at the General Electric 
research laboratory. According to 
research director C. G. Suits, the 
new insulation is ten times as 
efficient as any now in use. This 
factor made possible the use of 
half-inch thick walls in the proto- 
type “XR-10” refrigerator-freezer, 
recently unveiled, in which the new 
insulation was used. Dr. Suits in- 
dicated that use of this insulation 
would provide extra refrigerated 
space and permit placing the re- 
frigerator above the kitchen work 
counter rather than in an upright 
floor cabinet. 


Lockheed To Produce 
Turbo-Jet Transports 


Using new turboprop engines 
which harness jet power to conven- 
tional propellers, Lockheed’s C-130 
will fly faster and higher than any 
present military transport, accord- 
ing to its designers. Its four en- 
gines will have three-bladed pro- 
pellers. Wingspan will be 132 feet; 
length, 95 feet; height, 38 feet. It 
will require only short takeoff and 
landing runs; with special tandem- 
wheel tricycle landing gear it will 
be able to operate off small 
emergency landing fields or on 
rough, unfinished air strips. 

As shown in the accompanying 
photograph of a model, a built-in 





loading ramp serves as the trans- 
port’s rear door. This door can be 
lowered to truck bed level for 
straight-in loading or dropped to 
the ground and used as a ramp 
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or emergency repairs in the field 


For high or medium pressures—can be used with one- or two-wire braid hose. 


yet coupling is reusable again and again. 


Hose cover need not be stripped to apply coupling. 


your hose lengths as needed, Stocking problem minimized. 


Get more details, Attach coupon to 
your letterhead and mail today. 


ANCHOR COUPLING CO. INC. > 


Main Office and Factory: LIBERTYVILLE, ILLINOIS 
FACTORY BRANCHES: DETROIT, MICHIGAN © DALLAS, TEXAS 
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CLAMP-TYPE REUSABLE COUPLINGS 


— ideal for heavy-duty original-equipment service 


Specially designed clamping segments — impulses can’t shake them loose, 
Easy to apply — no special tools needed to assemble couplings and hose. 
Neat Installation — made possible by compact design of the Anchor clamp 


and the use of streamlined Anchor adapter unions and related fittings. 


Saves Time — you don’t have to wait for repairs because you can make up 





NEW! 
( REVOLUTIONARY 
ae ANCHOR 


SPLIT-FLANGE CLAMP 


Positive leakproof connection without 
threaded joints. Bolt centers are located 
to distribute the forces evenly and 
prevent tilting of the clamp halves 
Easy to assemble with small 
automotive-type wrench 




















Anchor Coupling Co. Inc. : 
Dept. MD-4, Libertyville, Illinois a 
I'd like to know more obout : 
(] Anchor clamp-type reusable couplings 1 

(J New Anchor Split-flange clamp. . 
informati . 

& 

Title ' 

' 

' 

t 

' 

' 

' 

{ ) State. An 
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Arkwright Tracing Cloths a 
you do your best work more easily. 


Arkwright cloth saves time. There’s never 
a pinhole, uneven yarn or other imperfection 


to slow you down. 
Arkwright cloth saves trouble. You can 


draw over erasures time and again and not 


have an ink line “feather’’. 
Arkwright cloth saves money. If needed, 


you can get clean, ghost-free reproduction 


from a drawing years after you make 


it—years after paper or inferior cloth would 


have turned brittle and opaque with age. 


Wouldn’t you like to see for yourself 
why Arkwright Tracing Cloth is best? 


Write for samples to Arkwright Finishing 
Co., Industrial Trust Bldg., Providence, R. I 


ARKWRIGHT 


Thacinng Ultthd 


AMERICA’S STANDARD FOE 
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for driving vehicles directly into 
the airplane. In addition, a large 
forward cargo door is provided for 
simultaneous front and rear load- 
ing. The rear door can be opened 
in flight to drop troops and equip- 
ment. 

As a cargo plane, the C-130 will 
carry large pieces of equipment 
such as a 155-mm howitzer and a 
high-speed tractor. It can also be 
fitted as a hospital plane to carry 
patients on litters. The plane is 
described by Hall L. Hibbard, Lock- 
heed vice president of engineering, 
as “a simple, rugged airplane” 
which will operate more economi- 
cally than existing military trans- 
ports and “perform a variety of air 
jobs.” 


. 


United States Rubber Co., New 
York, plans to build a new research 
center devoted to basic research in 
the fields of rubber, chemicals, syn- 
thetics, textiles and plastics. To 
be built in Emerson, N. J., the new 
center will initially house funda- 
mental research activities. The 
company will continue research ac- 
tivities at its Passaic laboratories. 

” 


A government-owned plant is be- 
ing built and will be operated by 
Chrysler Corp. for modification and 
final processing of military tanks 
for Army Ordnance. The new 
plant will be located’adjacent to 
manufacturing operations of the 
Chrysler tank plant in Newark, 
Del., and will function as an in- 
tegral part of that facility. 


7 


A $10 million machinery and 
plant expansion program is nearing 
completion at Standard Pressed 
Steel Co., Jenkintown, Pa. When 
reconstruction has been completed, 
more than 650,000 sq ft of floor 
space will be under a single roof. 

” 

The Skinner Chuck Co. has re- 
cently completed a new plant in 
New Britain, Conn., which provides 
complete facilities for the company 
and its electric valve division. It 
comprises 85,000 sq ft of floor 
space and has modern facilities for 
the production of lathe chucks and 
machine vises for machine tools 
and solenoid-operated valves. 
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How to make 


alr 
controls 


act lively! 


Include a Gardner-Denver 
Compressor on air-controlled 
equipment you design. You'll 

know in advance that ample 
air will always be available 
at full pressure ... because 
these quality-built air-cooled 
compressors are famous for 
living up to expectations. 
Bulletins AC-8 and AC-10 give 
the specifications for many 
sizes. Write for your copies. 


SINCE 1859 


GARDNER-DENVER 


Gardner-Denver Company, Quincy, Illinois 
In Canada: Gardner-Denver Co. (Canada), Ltd., 
This Gardner-Denver 14 Curity Ave., Toronto 13, Ontario. 
Compressor actuates 
the air controls 
on a construction 
crane, 


THE QUALITY LEADER IN COMPRESSORS, PUMPS AND ROCK DRILLS 
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40 years specialization 


in the speed control field 





Pierce Designs Make it Easy to Plan 
for Efficient Governor Installation: 
As shown in the above diagram there 
are a number of plaves on your en- 
gine where you can provide drive 
access for a Pierce Governor: Top, 
front or rear of timing gear. . . or at 
various locations connecting directly 
to camshaft. Pierce builds a wide 
variety of mounting types and drives 

+ governor assemblies to cover 
every engine speed control problem. 
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Pierce Centrifugal Governors are 
in daily use for accurate, depend- 
able engine speed control wherever 
wheels turn. More than 4,000 dif- 
ferent governor assemblies have 
been designed and built by Pierce 
to meet exacting problems and ap- 
plications encountered by engine 
builders. Pierce Governors are 
standard on many of America’s 
finest engines. 


tell ws Your proton... 


We'll work with you on the engine 
controls you need . . . carburetor 
choking, constant speed control, 
overspeed protection, overspeed 
safety cut-off, fuel regulation or 
related requirements. Tell us your 
specific problems . . . we'll send a 
qualified engineer. 


Ask for the new Pierce Brochure . ..""40 Years 
of Manufacturing Precision Controls.” 


THE PIERCE GOVERNOR CO., INC. 


1606 OHIO AVENUE, ANDERSON, INDIANA 
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Automatic Compressor 
Facilitates Explosives Study 


Capable of compressing gas to 
100,000 psi, an automatic hydraulic 
compressor has been installed to 
facilitate study of the behavior of 
fuel burning at gun chamber pres- 
sures at the Naval Ordnance Lab- 
oratory. 

The unusual compressor uses 
“liquid pistons” and has automatic 
hydraulic control and driving sys- 
tem. “Liquid pistons” eliminate the 
need for gas seals at the intensifier 
pistons. The gas does not come di- 
rectly into contact with the com- 
pressing piston, but is compressed 
and confined by a liquid which is 
compressed by the hydraulically 
driven intensifier piston in another 
chamber. Nitrogen is being used 
presently in the compressor, but 
almost any gas except hydrogen 
can be utilized. Beginning in the 
low-pressure stage, the compres- 
sion process uses nitrogen supplied 
from regular gas-storage cylinders. 
Hydraulic oil driven by the electric 
pump acts on a steel intensifier 
piston which displaces the special 
fluid into a “liquid piston” cham- 
ber where the actual gas compres- 
sion takes place. When pressure 
reaches 15,000 psi, a valve opens, 
permitting hydraulic oil to pass 
into the high pressure stage of 
the compressor. The foregoing 
process is repeated on the high 


Spiral-topped supply line at upper 
right introduces nitrogen to low- 
pressure stage of hydraulic com- 
pressor. The gas passes to high-pres- 
sure side, is compressed up to 100,- 
000 psi and forced into pressure 
“bomb” at left, which duplicates 
pressure built up in a gun chamber 
when it is fired 
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THE NEW LOW COST 
‘| JOHNSON CLUTCHES 


an addition to the MAXITORQ line 








wel OrlC OOOO OlC—i—C]:iCirStiéi 


The Johnson 350 and 450 Single Disc Clutches are the newest addi- 
tions to the Carlyle Johnson line... fitting companions to the Maxitorq 
multi-disc series. 

They are ideal for light machinery service to 6 H.P. Several driving 
combinations are available, including V-belt. Far greater capacity at low 
cost is provided. (See column at right for typical applications.) They have 
the same “floating disc” principle as the Maxitorq Clutch... discs that 
ride free in neutral . .. no drag, no abrasion, no heating. A simple hex-key 
frees the knurled ring for easy manual clutch adjustment. Machine designers 
will find the solution to many problems with this new Johnson Clutch. 


Send for Bulletin 
MD-4-250 
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- , 


MACHINE DesIGN—April 1953 

















SPEAKING 


Because of a large backlog of orders, The 
Carlyle Johnson Machine Company found 
it necessary to postpone the announcement 
of the new Johnson Single Disc Clutches. 

Now, with added equipment for high 
speed production, it is possible to produce 
and ship the new clutches without undue 
delay. In fact, small orders or units for try- 
out in new machines will be forwarded at 
once. Design features make the Johnson 
especially suitable for installation in the 
following machinery: 


Accessory Drives, Air Compressors, Bag 
Making, Boat Drives, Bread Wrapping, 
Chain Drives, Combines (farm), Convey- 
ors, Crop Seeders, Cultivators, Dusting Ma- 
chines, Feed Grinders, Floor Scrubbing, 
Fruit Cleaners, Gasoline Engines, Genera- 
tor Drives, Hay Balers, Hoists, Loaders, 
Lawn Mowers, Milk Coolers, Mixing Ma- 
chines, Motor Scooters, Packaging Machines, 
Paper Shredders, Power Fans, Power Saws, 
Power Take-Offs, Pumping Equipment, 
Sand Spreaders, Sewing Machines, Sheep 
Shearers, Spraying Equipment, Textile Ma- 
chinery, Threshers (small), Tobacco Ma- 
chinery, Tool Grinders, Tractors (garden), 
“Vv” Belt Drives, Vegetable Sorters. 


Naturally, these are but a few of the pos- 
sible applications for the Johnson Single 
Disc Clutch. The field is wide open, with 
new machinery constantly being developed. 


Included in the driving combinations are: 
Gear Tooth, Bolted Plate, Pulley Type, Hub 
Adapter, Cut-Off Coupling Adapter, Single 
V-Belt Pulley Drive, and Double V-Belt 
Pulley Drive. 


Carlyle Johnson engineers offer their engi- 
neering assistance in cooperation with your 
engineers and machine designers to develop 
the correct solution of your power transmis- 
sion requirements. Write to Frank R. Simon, 
The Carlyle Johnson Machine Co., Man- 
chester, Conn. , 
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FILLING A GOVERNMENT ORDER. Final shipping inspection 
of air inlet horns used in jet test cell equipment. An example of 
the all-gage — all-metal — any quantity -— spinning capacity 
available at Teiner. 






Write for newest color brochure (52D) 
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Durametallic Packings 
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IS IT LUBRICATED THRUOUT - AND ? 
WEARS LIKE A BEARING . 


™ “ 
WILL IT OPERATE WITHOUT SCO ? 
ING SHAFTS, SLEEVES OR STEMS ° 


. Y 
1S IT PRECISION MADE - READ ? 
TO INSTALL IN MY STUFFING BOX « 


ES 
RE THERE TYPES AND STYL 7 
FOR SEALING SPECIFIC CONDITIONS « 


OF 
1S 1T ECONOMICAL - CAPABLE ? 
LONG UNINTERRUPTED RUNS... ° 


ipment. Write for informa- 
Soave tie te ee ane ae — Deremeteliie Packings for your 


I types and styles vw 
ocr Ae = sak tas Bulletin No. DMMD. Durametallic Corp 


tion, Kalamazoo, Michigan. 
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pressure side of the compressor. 
The gas is compressed from 15,000 
to 100,00 psi and forced into a 
pressure “bomb” in which the ac- 
tual experiment takes place. 

The compressor consists of two 
sets of double-acting intensifiers 
driven by a 15-horsepower pump 
which maintains a 1000-psi hy- 
draulic pressure. Between the low 
and high pressure stages, an auto- 
matic bypass system restricts ac- 
tion of the high pressure stage 
until a pressure of 15,000 psi is 
reached in the low-pressure stage. 


* 


Samuel K. Hostetter Jr. has been 


| named sales manager of the Crock- 


er-Wheeler Div., Elliott Co. at Am- 
pere, N. J. He joined the company 


| in 1934 and was soon assigned to 


the Washington, D. C. office as field 
engineer. For the past ten years 
he has served as manager of that 
office, supervising sales activities 
there and in the surrounding terri- 
tory. 


+ 


George S. Bond has been named 
sales manager of the metals and 


| ceramics division of P. R. Mallory 
| & Co. Inc., Indianapolis. 


He previ- 
ously served as chief engineer of 


| the division. . 


* 


Daniel Gurney, authority on an- 


| tifriction bearings and vice presi- 


dent and director of engineering of 


| Marlin-Rockwell Corp., died recent- 
_ ly in Jamestown, N. Y. 








“Well, | see that engine is still 
shearing off the pin when it 
gets over 4500 rpm.” 
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TUNGSTEN CARBIDE INSERTS: 


This molding die assembly used in | 


manufacturing three-inch diameter 
silicon carbide and aluminum oxide 
grinding wheels utilizes Carboloy 
wear-resistant inserts. At the Car- 
borundum Co., these tungsten car- 


bide mold assemblies are claimed | 


to provide an overall average work- 


ing life approximately ten times | 


that of other engineering materials. 
Although cost averages three times 
that of steel, wear-resistant quali- 
ties of the tungsten carbide metal 
compensate for this difference 


+ 


Precision Rubber Products Corp., 
Dayton, O., recently established a 
wholly owned Canadian subsidiary, 
Precision Rubber Products (Can- 
ada) Ltd., located at Ste. Therese, 
de Blainville, Quebec. 


. 


A newly incorporated firm of en- 
gineers and designers, the Renier 
Co. Inc., has established offices at 
5209 Euclid Ave., Cleveland. The 
firm will undertake the complete 
design of machine tools, hydraulic 
presses and equipment, and special- 
ized machinery of al] types. 


* 


PLASTIC BODY: To test the pos- 


sibility of using glass fiber laminates | 
in automobile bodies, a new sports | 


convertible has been introduced by 
Buick Motor Division. The light- 
WwW eight, single seat experimental 
Wildcat is mounted on a 114-inch 
wheelbase and is powered by a 188- 
horsepower V-8 engine 





aaa 
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exactly as you want it 
when you call Felters 


Hard as a board he 
tender as{ * 




















or soft asa feather 
















| And we can 
~ > 












yes on order after order. 
Whatever your problem: * reducing wibration 
*deadening noise (84 * sealing vil in 
* peeping dirt out * Lp OVING Gfpeai Alice 
| “chiminating metallic contact Myiltering ar 
_ the chances are that a call to Felter 
will J a youon the right track toa 









felt in rolls, strips, square yardage, cut parts... 
any way you want it ,in any color you want S, 


For interesting information about the jobs 
Felt can do... return the coupon! a 
































The FELTERS = am 


Manufacturers of Unisorb for Machine Mounting 


218-MD SOUTH STREET, BOSTON 11, MASS. 


Gentlemen: Please send me details on Felters Felt and Felters 
Precision Cut Felt Parts. | have the following material problem: 











IN CONTROL OF 
DOUBLE-ACTING 
AIR CYLINDERS 












Only VALVAIR offers 
2 Kinds of Neutral Valves 

















































Manual or spring-return to neutral 
position are the two models by Val- 
vair. Three types: (1) all ports blocked 
at neutral; (2) inlet and cylinder ports 
open to pressure, exhaust closed; (3) 
inlet closed, cylinder ports open to 
exhaust. 3-way and 4-way. Pipe sizes, 
1/4” through 1’. Six control assem- 








blies: knob, lever, clevis, treadle, 
cylinder, solenoid. 
4- “were piped 
exhaust, spring- 
centered neutral " ° ° 
valve. 


Get Bulletin ‘‘KD-4" 


VALVAIR CORPORATION @ 4uiow:,,Sincoi, Calling es, 


PRINCIPAL CITIES 


REPRESENTATIVES IN 








Are Your Laboratories Overloaded ? 





A PRACTICAL SOLUTION TO THE PROBLEM OF 
TECHNICAL MANPOWER SHORTAGE 


tine testing and analytical schedules. 

Why is this possible? Because 
Testing is our Business. Your assign- 
ments to us will be handled by men 
who live and think testing. They 
will receive the care and attention 
that only a specialized laboratory 
can give. That means speed, accu- 
racy, and real economy. 

We would like to get together 
and discuss your manpower prob- 
lems and possibly point the way to 
a solution. 


Are you interested in the possibility 
of getting some of your testing 
analysis and trouble shooting work 
done without hiring additional 
technical help? 

Our solution is very direct. No 
doubt many of your trained engi- 
neers and chemists are tied down by 
routine but essential testing and 
analytical tasks. You can release 
these men for more demanding, 
more responsible duties by entrust- 
ing our laboratories with your rou- 


UNITED STATES TESTING COMPANY, INC. 


1500 Park Ave., Hoboken, N. J. 
BOSTON « CHICAGO « NEW YORK « PHILADELPHIA « DENVER 


PROVIDENCE « LOS ANGELES « MEMPHIS « DALLAS 
Member of American Council of Commercial Laboratories 
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Rotary Air Motor 
Withstands High Temperature 


Used once in a 
test location so hot 


that _ lubrication ’ l e- 
was supplied from = 
a lubricator 20 @ 


feet away to pre- 

vent the oil from ij 
boiling, a 3-horse- 
power Gast rotary 
vane air motor 
drives a Wemco 
metal pump com- 
pletely immersed in 
molten metal in 
the unusual appli- 
cation shown. The 
pump emptied a furnace contain- 
ing 8400 pounds of aluminum at 
1360 to 1400 F. 

Limited mold capacity required 
starting and stopping the pump 
several times. Actual pumping 
time was less than four minutes, 
although the pump remained in 
the molten metal for six hours. 

Since the furnace could not sup- 
ply its own heat after it had been 
partially drained, an oil burner was 
directed on the surface of the 
liquid. The burner flame, directed 
on the pump body, caused the gray 
iron casting supporting the motor 
to reach cherry red heat. 

An inspection after the test re- 
vealed that the motor vanes were 
unharmed, although some carbon- 
ization of the lubricant in the bear- 
ings was present. 





¢ 


Announced recently is the forma- 
tion of a private company to design 
and manufacture noncircular gears, 
founded by Fred W. Cunningham, 
consultant to the Arma Corp. Ba- 
sis for the business is a standard 
gear shaper operated by a motion 
picture film which has been auto- 
mated by Dr. Cunningham, Engi- 
neering and manufacturing services 
will be provided in connection with 
noncircular gears. In the past, 
steel masters and special fixtures 
were needed to cut such gears. 
Now fast, accurate, automatic 
means eliminate the need for meta! 
masters as a preliminary step in 
their production. 
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In exploring the possibilities of your product’s future, it will pay 
you to remember this long established fact: Fine machines begin 
with fine bearings— and fine bearings mean Ahlberg Bearings. 


For over 45 years design engineers have found that Ahlberg 
Bearings offer greater opportunities for improving design, 
stretching equipment life, reducing maintenance and 


operating costs. 
Ahlberg Ball Bearings are available in both self-con- 
tained and mounted units—in all conventional sizes. 


Write for complete data or engineering consultation 


a A L L B & A v7 | on G 5 on a no-obligation basis. Ahlberg Bearing Com- 


ENGINEERED AND BUILT FOR THE WORLD'S FINEST EQUIPMENT pany, 3025 W. 47th Street, Chicago 32, Illinois. 


AUTOMOTIVE...INDUSTRIAL...AIRCRAFT...MARINE... ARMAMENT 


VISIT US AT THE INTERNATIONAL PETROLEUM EXPOSITION—TULSA—BOOTH 12, CALIFORNIA BUILDING 
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* What's your problem 
in power motion? 


There’s an Anker-Holth cylinder to solve it! 


@ Advanced designs of Anker-Holth power cylinders in a 

wide range of sizes and types are available to solve your 
problems involving push, pull, lift or lowering action. If standard 
cylinders aren't the answer, Anker-Holth matches your 


needs with special designs. 


For help in engineered cylinder power . . . air or hydraulic 
. .. write Anker-Holth Division of The Wellman Engineering 
Company, Dept. A-2, 2723 Conner St., Port Huron, Michigan. 





a ad 


‘ENGINEERED CYLINDER POWER # 
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Longest Conveyor Belt 


Delivers Coke to Furnaces 


The world’s longest single-flight, 
rubber and fabric conveyor belt 
hauls quenched, sized and screened 
coke from the coke plant screening 
station to storage bins at the blast 
furnaces in U. S. Steel Company’s 
new Fairless Works, Morrisville, 
Pa. 

Built by the Goodyear Tire & 
Rubber Co., the belt measures 5500 
feet from the center of the head 
pulley to the center of the tail pul- 
ley. The 11,000 feet of belting 
used in the conveyor is 4 feet wide 
and is constructed of especially 
compounded synthetic rubber and 
rayon fabric. 

Coke carried on the belt weighs 
30 pounds per foot and registers 
temperatures of approximately 250 
F as it is being moved 300 feet 
per minute at a capacity rate of 
400 tons per hour to the bins. 

+ 


Sam Dupree, assistant manager 
of the industrial products division 
of the Goodyear Tire & Rubber Co., 
Akron, since 1947, has been named 
assistant to R. S. Wilson, vice pres- 
ident in charge of sales. Mr. Du- 
pree joined Goodyear in 1934, trans- 
ferred to mechanical goods devel- 
opment, and in 1939 was named de- 
velopment manager at the new 
molded goods plant at St. Marys, 
O. He became sales manager there 
in 1945, and held that post until 
returning to Akron in 1947. 

. 


Theodore V. Purvin has been ap- 
pointed general sales manager of 
Amgears Inc., Chicago. 

. 


Carl E. Schmitz was recently ap- 
pointed vice president of sales for 
Crane Packing Co., Chicago. He 
was formerly vice president and 
director of engineering. A reor- 
ganized sales department under 
the direction of Mr. Schmitz will 
include five division sales man- 
agers: E. H. Stubenrauch, mechan- 
ica] packings; Stephen Hawxhurst, 
molded Teflon products; Harry I. 
Sole, Lapmaster; V. E. Vorhees, 
mechanical seals; and Stillman Se- 


plete ine ct Anisr-Helth prodccx. Division of THE WELLMAN ENGINEERING COMPANY | gar, plastic lead seal. 
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For further information on Fawick Industrial 
Clutch and Brake Units, write to the Main 
Office, Cleveland, Ohio, for Bulletin 400-A. 


FAWICK AIRFLEX DIVISION 
FEDERAL FAWICK CORPORATION 
9919 CLINTON ROAD CLEVELAND 11, OHIO 
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NON-METALLIC—SELF-LUBRICATING BEARINGS 


YEP! 
OSBEAR . . 


& 


THE LUBRIKON 





















AND HIS COMPANY 
HAS CHANGED ITS 
NAME, TOO! 


HERE'S OSBEAR'S NEW NAME 
AND ADDRESS! 


Tori 
O:5§ BEARING & MFG. CO. : 


777 W. EIGHT MILE ROAD ° WHITMORE LAKE, MICH. 
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GUN MOUNT: Carrying a pair of 
three-inch antiaircraft guns, this 
electronically controlled gun mount 
is the first produced by the Fire- 
stone .Tire and Rubber Co. under a 
$62 million U. S. Navy contract. 
Weighing 17 tons, the mount is 
equipped with automatic loading de- 
vices and radar fire-control systems. 
During World War II, Firestone 
manufactured more than 30 thous- 
and 40-millimeter gun mounts for 
the Army and Navy, as well as 90- 
millimeter cannon 


+ 


The Resistance Welder Manufac- 
turers Association, in its annual 
Prize Paper Contest, is offering a 
total of $2250 in prizes for out- 
standing papers dealing with re- 
sistance welding subjects. Papers 
may be submitted in three cate- 
gories: industrial class, university 
staff class or university undergrad- 
uate class. The contest is open to 
anyone in these categories living in 
the United States, its possessions 
and Canada. Judges will be ap- 
pointed by the American Welding 
Society, and awards will be made 
at the fall meeting of the society. 
Entries will be accepted unti] July 
31. Complete details regarding 
subject matter of the papers and 
other contest rules may be obtained 
from the Resistance Welder Manu- 
facturers Association, 1900 Arch 
St., Philadelphia 3, Pa. 


+ 




















At the annual meeting of 
The Aluminum Association, D. A- 
Rhoades, Kaiser Aluminum & 
Chemical Corp., Oakland, Calif., 
was elected president for this year- 
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ELeutia Sop nuts 














ocking fagtenare 








HIGH TENSILE NUT 





SPLINE NUT 


dia. from 1/16” to 1/2” 





CLINCH NUT 


Rollpins are slotted, tubular steel, pressed-fit pins 
with chamfered ends. They drive easily into holes 
drilled to normal tolerances, compressing as driven. 
Extra assembly steps like hole reaming or peening 
are eliminated. Rollpins lock in place, yet are read- 
ily removed with a punch and may be reused. 

Cut assembly costs by using Rollpins as set 
screws, positioning dowels, clevis or hinge pins. 
Specify them in place of straight, serrated, tapered 
or cotter type pins. 









GANG 
CHANNEL NUTS FLOATING ANCHOR NUT 


Every major aircraft now being assembled relies on the 
vibration-proof holding power of ELASTIC STOP nuts. 
Only ESNA manufactures a complete line of all types 
and sizes of self-locking nuts. 


ELASTIC STOP NUT CORPORATION 
OF AMERICA 





TRADEMARK 






on 





Elastic Stop Nut Corporation of America 
Dept. N34-44, 2330 Vauxhall Road, Union, N. J. 


Please send me the following free fastening information: 














C) Elastic Stop Nut Bulletin C] Here is a drawing of our 
C Rollpin Bulletin product. What fastener would 
([] AN-ESNA Conversion Chart you suggest? 

Name Title pale 
Firm Gant ines 
Street Selina 

City. Zone___State. 
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Biyur. 


maa rey A CORPORATION ~ 





** STANDARD EQUIPMENT ON 
SACO-LOWELL COMBERS >» 


Consult a Bijur engineer — the expert 
on all machine lubricating problems. 


ings on all types of 3 ee ong pave 
longer machine life — lower maintenance — 
plus INCREASED PRODUCTION. | 








‘ark, New Jersey 


oor: in Pe Lubrication 
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GAIN J. P. Henderson returns 

ith a controversial issue. He 
concludes, you will see, with a 
question that might provoke argu- 
ment. - 


The Huddle Engineer 


An organization should be a co- 
operative enterprise. This is trite 
enough so that you are welcome to 
your “ho-hum” at this point. But 




















perhaps there are some aspects to 
this co-operation that you had not 
considered before. 

Take, for instance, the relation- 
ship between the department head 
and his employees. On certain 
points they are on opposite sides 
of the fence. You want a higher 
salary; he is under pressure to get 
the best engineering he can for the 
money. In fact, his executive ef- 
fectiveness is measured partly in 
this very manner. Here psycho- 
logically, are all the elements of 
clash. But in certain other fields 
you and the boss are on the same 
side, or should be. It’s a matter 
of presenting a united front to the 
rest of the organization, and to the 
outside world. And there is where 
the co-operation comes in. 

What is expected of each in this 
co-operative deal? Well here are 
some of the things the boss should 
do for you. 

He should see to it that your 
increased efforts or improved 
work are rewarded without too 
much delay. (This may require 
more battling with the manage- 
ment than you think.) 

He should protect your salary 
position by not hiring new men of 
less experience at more money than 
he pays you. 

In meeting with the organization 
or with outside personnel he should 
cover up your mistakes as best he 
can, putting as good a face as pos- 
sible on the grief you might have 
caused. The scolding you deserved 
should be reserved for a later 
private conference between the two 
of you. 

He should see to it that work 
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In the illustration above you see a portion of the Mahon 
machine shop where welded steel parts and assemblies of 
various sizes and weights are machined to specification for 
many industries throughout the country. Facilities are avail- 
able right in the Mahon plant to do the complete job from 
the drawing board to finished machining ready for assembly. 
If you have parts or assemblies that can be redesigned and 
produced to better advantage through Steel-Weld Fabrica- 
tion, or, if you are faced with a production problem involving 
large heavy pieces in which pattern costs are a consideration, 
you can turn to Mahon with complete confidence. You will 
find in the Mahon organization a unique source with complete, 
modern fabricating, machining and handling equipment to 
cope with any type of work regardless of size or weight... 
a source where skillful designing and advanced fabricating 
technique are supplemented by craftsmanship which assures 
you a smoother, finer appearing job embodying every ad- 
vantage of Steel-Weld Fabrication. See Mahon’s Insert in 
Sweet's Product Design File, or write for further information. 


THE R. CC. MAHON COMPANY 
DETROIT 34, MICHIGAN 
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HERE'S THE SECRET 






































oe. Of a NEW 
wire-mesh isolator 
that won’t change 
on the job! 


The new Type 7630 and Type 7640 ALL-METL Barrymounts 
have been specifically designed to eliminate loss of efficiency due to 
damper packing. Previous wire-mesh unit vibration isolators ex- 
hibited a definite loss of damping efficiency after a period in actual 
service, because the wire-mesh damper tended to pack. These new 
unit Barrymounts have eliminated this difficulty, because load-bearing 
spring returns damper to normal position on every cycle. 


@ Very light weight — helps you reduce the weight of 
mounted equipment. 

@ Hex top — simplifies your installation problems. 

@ High isolation efficiency — meets latest government 
specifications (JAN-C-172A, etc.) — gives your equip- 
ment maximum protection. 

@ Ruggedized — to meet the shock-test requirements of 
military specifications. 

@ Operates over a wide range of temperatures — ideal for 
guided-missile or jet installations. 


Compare these unit isolators with any others — by making 
your own tests, or on the basis of full details contained in Barry 
Product Bulletin 531. Your free copy will be mailed on request. 


Free samples for your prototypes are available through your 
nearest Barry representative. 


Stress Relief — 











is divided with reasonable equity. 
It is disconcerting to belong to 
an organization in which certain 
persons are largely idle and others 
are overloaded (especially if you 
are the one overloaded). 

He should provide you with all 
of the tools and conveniences com- 
parable with the rest of the organi- 
zation. (I once knew an organiza- 
tion in which the engineering and 
the sales offices were located ad- 
jacent. In sales the offices shined 
with expensive furniture. The en- 
gineering department was fur- 
nished with broken-down tables 
and battered desks. The chief en- 
gineer had never had the courage 
to demand a better deal.) 

There’s the list of what the 
boss can do for you. 

What can you do for the boss? 

This month, I want to illustrate 
just one item by describing the 
huddle engineer—a species you 
may recognize. 

This is the man who never 
played on the football team, but 
observed the huddle system and 
brought it into the office. Period- 
ically he gathers some of his pals 
to hear the latest story, making a 
conspicuous group. If some of his 
pals are ex-cheer leaders and some 
of the office girls are equipped 
with high resounding giggles, the 
combination is ideal for disrupting 
work and getting the boss in bad. 

To a greater or lesser extent, 
every office seems to come equip- 
ped with some of this type. The 
boss has two choices. He can break 
it up. He thereby becomes a hard- 
boiled slave driver and that spirit 
of give-and-take essential to 
smooth personnel relations can be 
lost. Or, he can overlook it at the 
risk of his own reputation, absorb- 
ing the scoldings of his own boss 
and the sly looks of other officials. 

It should not be a surprise to em- 
ployees that their own boss is not 
an absolute ruler. Yet they ap- 
parently lack the imagination to 
realize that he depends upon 3 
reputation for effectiveness just as 
much as they do. The huddle sys- 
tem in operation when another de- 
partment head, the company presi- 
dent, or a member of the board of 
directors walks through the de- 
partment, can result in his being 
called on the carpet. Or, if that 
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Cut Your Machining costs... 


with Reliance RINGS 


As an engineer or designer, you gain sizeable manu- steel, aluminum and non-ferrous metals to specified 
facturing economies by specifying Reliance RINGS for physicals, cross sections and diameters. Gain the 
your shaft assembly, bearing applications or counter- savings hundreds of manufacturers 

bore designs. By machining grooves in the shaft (in- have realized by designing Reliance 

stead of machining the entire shaft) and applying Rings into your product—Today! 

Reliance Rings to form shoulders for locking bearings, 

gears or other parts into proper postion—you imme- Have the complete facts available on 

diately save material, machine time and labor costs! Reliance Rings in your department— 

In like manner, you eliminate counterboring to form call your nearest Eaton Reliance 

internal shoulders. To meet every possible application, Sales Office or write direct for 

Reliance Rings are available in carbon, alloy, stainless Engineering Bulletin 4k/3. 


fk ELIANCE DIWISION @ 7? Co LE OQ 


OFFICE and PLANTS: 506 Charles Ave. MASSILLON, OHIO aa Snap & Retaining Special Steels Spring Lock Ho2-Fas-Ner 


ings Washers 


SALES OFFICES: New York * Cleveland + Detroit * Chicago * St. Lovis * San Francisco * Montreal 


MACHINE DESIGN—April 1953 373 





















This complete line 
cludes brass, bronze, 







tor near you. 












AMER 


Eliminate high-cost-specials” 
by standardizing on 


AMERICAN STOCK GEARS 4m 


Reach for the handy American Stock Gear catalog 
when you are specifying gears for the product 
you are designing... 


and non-metallic gears of every industrial type. 
Readily available from an authorized distribu- 


American Stock Gear Catalog 300 con- 
tains detailed information and latest 
prices on complete line. 


PERFECTION GEAR COMPANY 


Save time... Save money. 
of high quality gears in- 
steel, semi-steel, cast iron 


ICAN STOCK GEAR 





e HARVEY, 










division 
ILLINOIS 

































UNIT COST 


METAL SPINNING 
DEEP DRAWING 
WELDING — All Types, 
Including Inert Gas 
ASSEMBLING 





For Product Designers 
4719 N. 27TH STREET 
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QUANTITY 














ENGINEERS Study 
Your Prints and “‘Specs’’! 


COSTS dictate methods when economy of pro- 
duction is your objective. The experience and 
knowledge of PHOENIXSPUN specialists quickly 
determine the quantity production point where 
costs of one forming method exceed that of other 
techniques. The resulting recommendation brings 
to a focus both quality and economy factors in 
efficiently handling the project involved. 


Submit your prints and “specs” for prompt analysis and quotations. 
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Stress Relief 





doesn’t work at once, the next time 
the boss asks a favor—more money 
for the department, more equip- 
ment or what-not—he can be told 
very coldly that he is not using 
his present personnel effectively. 
Just about then, the boss is ready 
to strangle with bare hands the 
source of that next loud guffaw 
and far-carrying giggle. 

If the boss is not completely a 
stiff shirt, he usually views the 
members of the huddle more calm- 
ly, but with little respect for their 
intelligence. They lack the im- 
agination to see the position they 
place him in. Why can’t they 
arrange to do all this less ob- 
viously ? 

No realistic employer expects 
continuous work from his staff. 
The best he can hope for is that 
they work the biggest part of the 
day, co-operate on rush jobs when 
the pressure is on, but nearly al- 
ways manage to look busy. 

Is this personal dishonesty? 
—J. P. HENDERSON 


They say... 


“We must look to engineering 
superiority for our defense because 
in manpower we are hopelessly 
outnumbered. 

“The U. S. Bureau of Labor Sta- 
tistics data indicates that the cur- 
rent national pool of engineers 
and scientific personnel is approxi- 
mately 400,000. Of these, 10,000 
per year retire, die, or fade away; 
15,000 per year are required by 
the armed services. We estimate 
that 30,000 new graduate engi- 
neers are needed each year, exclu- 
sive of the military. 

“We can expect only about one- 
half this number. Based on the 
present enrollment in engineering 
colleges, the U. S. Bureau of Labor 
indicates that there will be ap- 
proximately 22,000 graduates in 
1952 and 17,000 to 18,000 in both 
1953 and 1954. 

“If this happens, the United 
States stands to lose its tech- 
nological supremacy.” — Richard 
O’Mara, Representative of Engi- 
neering Manpower Commission, 
Western Precipitation Corp., Los 
Angeles, Calif. 
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WIDE RANGE OF SIZES 
AND FINISHES 


GM Steel Tubing is available in 
welded single wall or copper 
brazed double wall construc- 
tion, in sizes from 4%” to %” 
O.D., and in straight lengths or 
in 120’ to 1000’ continuous 
coils. Choice of plain, Terne 
coated, copper plated, or Fuse- 
Kote (copper fused) finish. 


EASILY FABRICATED 


GM Steel Tubing not only lends itself 

readily to intricate bending but also 

to all types of fabricating operations— 

crimping, beading, perforating, 

Swaging, expanding, drawing, 
anging, flattening, knurling, 

threading. Rochester Products 

offers complete fabricating 

facilities, including the serv- 

ices of experienced 

General Motors engineers. 


Ty 
? 


SOLVES PRICE AND PRODUCTION PROBLEMS 


It’s a far cry from a child’s toy to a mighty weapon of war—yet 
GM Steel Tubing plays an important part in the design and 
building of both. In hundreds of other products, too, this low 
cost steel tubing serves to advantage either for the passage of 
liquids or gases, or as part of the mechanical structure. 

Every day Rochester Products turns out hundreds of miles 
of GM Tubing in one of America’s most modern and best equipped 
plants. Into every inch of its manufacture go the skill and 
engineering “know how” gained through nearly 20 years of 
General Motors research and development. 

Whether you are designing new products or re-designing old 
ones, it will pay you to investigate the time-and-money-saving 
features of GM Steel Tubing. 


SEND FOR FREE BROCHURE 


Our new illustrated brochure, entitled “Look 
Abead with GM Tubing,” tells why GM Tubing 
is first in the field for lasting quality, adaptabil- 
ity and low cost. Send today for your free copy. 


ROCHESTER PRODUCTS owision oF GENERAL MOTORS 


GM STEEL TUBING 


ww 
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“Yes, wherever I’ve sold a 
COPYFLEX 93—and I’ve sold plenty 
of them—engineers and draftsmen tell 
me there’s nothing like it for speed- 
ing prints. They find it the finest 
heavy-volume whiteprinter available. 
They’re pleased with its continuous 
high-speed production of top quality, 
dry, ready-to-use prints from either 
sheets or roll stock. Its vacuum feed 
permits easy insertion of curled orig- 
inals. On top of this, the ‘93’ needs 
no expensive ventilation system or 


From Pencil to Print, only 
BRUNING has everything 


COPYFLEX Whiteprinters 
Drafting Machines 
Tracing Papers and Cloths 
Surveying Equipment 
Drafting Furniture 
Drawing Instruments 
Sensitized Papers, 
Cloths, Films 
Electric Erasers 
Complete Line of Supplies 
and Equipment 


CHARLES BRUNING COMPANY, INC. | 
Dept. K43, 4700 Montrose Ave., Chicago 41, lil. 
(CD Please have a Drafting Room Specialist call. l 
(C) Send me free booklets on COPYFLEX. | 
C) Show me COPYFLEX in action | 
(no obligation). 
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as the Top 
Whiteprinter...’ 


says Dana H. Bennett 
Bruning Drafting Room Specialist 






plumbing. Furthermore, it’s just one 
of a complete line of Copyflex ma- 
chines to meet any price or volume 
requirement.” 

From prints to pencils, Bruning- 
trained men like Mr. Bennett can fill 
every drafting requirement. You re- 
ceive “in-person” attention to your 
needs and fast service on all kinds of 
drafting room equipment to help you 
turn out better work in less time at 
lower cost. Send coupon today for 
more facts and figures on Copyfiex. 


Everything for the Engineer and Draftsman 






ei Meetings 













AND EXPOSITIONS 


American Society of Lubrication 
Engineers. Eighth annual meeting 
to be held at Hotel Statler, Boston 
Mass. Additional information may 
be obtained from society headquar- 
ters, 343 South Dearborn St., Chi- 
cago 4, Il. 


Apr. 20-22— 

Metal Powder Association. An- 
nual meeting and exhibit to be held 
at Hotel Cleveland, Cleveland, 0. 
Robert L. Ziegfeld, 420 Lexington 
Ave., New York 17, N. Y., is sec- 
retary. 


Apr. 20-23— 

Society of Automotive Engineers. 
Aeronautic production forum, na- 
tional aeronautic meeting and air- 
craft engineering display to be held 
at Hotels Governor Clinton & Stat- 
ler, New York, N. Y. John A. C. 
Warner, 29 West 39th St., New 
York 18, N. Y., is secretary. 


Apr. 20-23— 

Packaging Machinery Manufac- 
turers Institute. Annual packaging 
exposition to be held at the Navy 
Pier, Chicago, Ill. Additional in- 
formation may be obtained from 
society headquarters, 342 Madison 
Ave., New York 17, N. Y. 


Apr. 26-30— 

American Ceramic Society. An- 
nual meeting to be held at Hote! 
Statler, New York, N. Y. Charles 
S. Pearce, 2525 North High St 
Columbus 2, O., is secretay. 


Apr. 27-28— 

American Zinc Institute Inc. 
Thirty-fifth annual meeting to be 
held at Hotel Statler, St. Louis, 
Mo. Ernest V. Gent, 60 East 42nd 
St., New York 17, N. Y., is secre- 
tary. 


Apr. 27-May 8— 

British Industries Fair to be held 
at Olympia and Earls Court in 
London and Castle Bromwich, 
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Now, pages of type are set mechanically, in the time 
formerly required for just a few hand-set paragraphs. 
Thanks to the invention of power-driven typesetting 
equipment, and its ready adoption, your modern news- 
paper meets edition deadlines with ease and with all 
up-to-the-minute news. 


In all walks of life electric motor power has lightened 
the burden of toil and made working hours more pro- 
ductive. Emerson-Electric experience, dating back to 










Write for these 
Emerson-Electric . 
Motor Data Bulletins 


Manufacturers requiring motors 1/20 
to 5 h.p. can profitably use these ref- 
erence guides. Specifications, con- 
struction and performance data are 
included for these motors: 





() M401-A Capacitor-Start [1 M401-E Oil-Burner 
Cj M401-B Split-Phase C1) M401-F Jet Pump 
C) M401-C Integral CO) M401-G Blower 

C) M401-D Fan-Duty 








LEADERS 
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Up-to-the-Minute News vs. Deadlines! 







MOTORS+FANS ~~ 


IN THE MOTOR AND FAN 








(i 


ns 
SS 
aan CE a 





ged w gree was mae 





1890, covers this entire era of mechanization progress. 
Emerson-Electric Motors bring to your product the bene- 
fits of this valuable experience plus an enviable reputation 
for dependability and efficiency. 


Consult with us, without obligation, about motors for 
your regular or new products. Standard Motors are made 
in horsepower ratings 1/20 to 5 H.P., and Hermetic 
Motor parts 1/8 to 15 H.P. Write... 

THE EMERSON ELECTRIC MFG. CO., St. Louis 21, Mo. 








Mergenthaler Linotypes have been 
gEpoceee with Emerson-Electric 
otors since 1901. 


EMERSON “> ELECTRIC 


APPLIANCES 





1890 
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AMBLER 
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Technical Service Data Sheet 


Subject: GRANODIZING’ FOR LONG 
PAINT LIFE ON STEEL 





“GRANODINE” FORMS A 
DURABLE PAINT BOND 


Granodizing forms a crystalline, zinc phos- 
phate coating on steel. This ACP paint-bond- 
ing process chemically changes the surface 
of steel into an inert non-metallic coating 
made up of thousands of microscopic zinc 
phosphate crystals. 

Granodized steel thus presents a surface 
much more receptive to paint than untreated 
steel. Its crystalline structure permits a firm 
and durable “keying” or bonding of the paint 
finish. And the “Granodine” zinc phosphate 
coating itself is actually integral with the 
metal from which it is formed. 


“GRANODINE” CAN BE 
APPLIED BY DIPPING, 
SPRAYING OR BRUSHING 


Granodizing can be accomplished by: 
1 Dipping the work in tanks; 
' 2 Spraying the parts in a power washer; or 


3 Brushing, spraying, or flow-coating the 
work with portable hand equipment. 


* “"GRANODINE” Trade Mark Reg. U.S. Pat. Off. 








Choice of process is usually decided by such 
factors as the size, nature, and volume of 
production. 


“GRANODINE” STANDARD 
PRACTICE ON BOTH 
CIVILIAN AND MILITARY 
PRODUCTS 


Automobile bodies and sheet metal parts, 
refrigerators, washing machines, cabinets, 
etc.; projectiles, rockets, bombs, tanks, 
trucks, jeeps, containers for small arms, 
cartridge tanks, 5-gallon gasoline containers, 
vehicular sheet metal, steel drums and, in 
general, products constructed of cold-rolled 
steel in large and continuous production are 
typical of the many products whose paint 
finish is protected by “Granodine”’. 


In military production, “Granodine” is used 
to obtain a zinc phosphate finish meeting 
Grade | of JAN-C-490 and equivalent require- 
ments of other specifications. 




















Typical power spray washing machine for the automatic application of a protective 
phosphate coating to metal parts in preparation for painting. These 5” rocket 
motor tubes, as well as products made of cold rolled sheet steel, are effectively 





CHEMICALS 
phosphate coated in such equipment. 
PROCESSES | 
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Meetings and Expositions 





Birmingham, England. Additional 
information may be obtained from 
British Information Services, 30 
Rockefeller Plaza, New York 20, 
N. Y. 


Apr. 28-30— 

American Society of Mechanical 
Engineers. Spring meeting to be 
held at the Deshler-Wallick Hotel, 
Columbus, O. C. E. Davies, 29 West 
39th St., New York 18, N. Y., is 
secretary. 


May 18-22— 

Materials Handling Exposition. 
Fifth national exposition to be held 
at Convention Hall, Philadelphia, 
Pa. Additiona] information may be 
obtained from Clapp & Poliak Inc., 
341 Madison Ave., New York 17, 
| ae A 


May 21-23— 

Society for Experimental Stress 
Analysis. Spring meeting to be held 
at the Hotel Schroeder, Milwaukee, 
Wis. W. M. Murray, Box 168, Cam- 
bridge 39, Mass., is secretary-treas- 
urer. 


May 24-28— 

Scientific Apparatus Makers As- 
sociation. Annual meeting to be 
held at the Greenbrier Hotel, White 
Sulphur Springs, W. Va. Additional 
information may be obtained from 
society headquarters, 20 North 
Wacker Drive, Chicago 6, IIl. 


May 27-29— 

American Society for Quality 
Control. Seventh annual conven- 
tion to be held at Convention Hall, 
Philadelphia, Pa. Additional in- 
formation may be obtained from 
society headquarters, 70 East 45th 
St., New York 17, N. Y. 


June 15-19— 

Basic Materials for Industry Ex- 
position. First exposition and con- 
ference to be held at Grand Central 
Palace, New York, N. Y. Addi- 
tional information may be obtained 
from Clapp & Poliak Inc., 341 Ma- 


| dison Ave., New York 17, N. Y. 
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Design Abstracts 


(Continued from Page 273) 


in Fig. 3. Equations based on the 
fundamentals of hydrodynamics 
permit the evaluation of supply 
pressure, Py, volume of flow Q, and 
friction torque, T. These equa- 














tions are 
Po@ R* — Ro* 
w=— | aa 
2 fx 
n (—) 
Ro 
Po 7 ho® 
gy = 4) 
6n1n(—) | 
n 
u Re 
27 pw R* — Ro? 
r= [=] 
No 4 


An interesting application to an 
ultracentrifuge is shown in Fig. 4. 
The vertical load is supported on 
an air step bearing and the rotor 
is spun by air jets. This unit oper- 
ates at a speed of approximately 
80,000 rpm. The friction is so low 
that once the case is evacuated, 
and the driving air supply shut 
off, the rotor will continue to spin 
for many hours before coming to 
rest. 

Hydrostatic lubrication itself 
generally leads to very low co- 
efficients of friction, even with oil. 
A rather striking example is that 
of the Hale telescope on Mount 
Palomar, where the overall coeffi- 
cient of friction, using a medium- 
viscosity oil, is 0.000004. This tele- 
scope, weighing about one million 
pounds, is rotated by a 1/12-hp 
clock motor which actually sup- 
plies more power than is required. 

A recent design for an electrical 
dynamometer with a cradle weigh- 
ing 1300 pounds, reports a coeffi- 
cient of friction of 0.00000075. 
Actually this is zero for all prac- 
tical purposes—and was obtained 
with oil. Air under similar con- 
ditions would introduce even less 
friction. 


Compressible Flow: It should be 
emphasized that the equations set 
forth here are based upon the hy- 
drodynamic theory of incompress- 
ible liquids and can only be used 
with air if the pressures involved 

(Continued on Page 384) 


TO 
ELECTRO-MECHANICAL 
ENGINEERS 
AND 

DESIGNERS 





rt with experience in 


PRECISION 


HUGHES | 
RESEARCH — THE COMPANY 
AND 
} 
DEVELOPMENT The Hughes Laboratories, 


LABORATORIES, 


one of the nation’s 
leading electronics 
| organizations, is now 
creating anumber of | 
new openings for 


| located in Southern Cali- 
| fornia, are presently en- 
| gaged in the development 
and production of ad- 
vanced radar devices, 
electronic computers and 
guided missiles. 


qualified electro- 


mechanical engineers 
and designers in 
important phases 
of its operations. 


HOW TO 
APPLY 


Write today to 
address below, 


relocation of an 


THE OPPORTUNITIES 


Opportunities are offered 
for men who will perform 
| interesting work on de- 
velopment of intricate 
new devices in close asso- 
ciation with outstanding 
scientists. Activities will 


giving detailsof | embrace a variety of chal- 
qualifications and ex- | lenging problems requir- 
perience. Assurance | ing originality and afford- 
is required that any ing unusual possibilities of 


progress in learning. 


applicant will not 


cause disruption 
of an urgent 


military project. 


| FIELDS OF WORK 


| The work includes such 


DEVICES 


fields as those involving 
Servo Mechanisms, Com- 
puters, Microwave Tubes, 
Pulse Circuitry, Solid- 
State Physics, Miniaturi- 
zation, Antennas — Wave- 
guides, Heat Transfer, 
Hydraulics—Gyros, Test 
Equipment, Subminiaturi- 
zation, Stress Analysis, In- 
strumentation, Structures, 
and Precision Production 
Mechanisms. 


YOUR FUTURE 


Working experience in 
advanced techniques em- 
ploying the above fields 
will increase your value 
to the Company as it fur- 
ther expands in develop- 
ment of electro-mechani- 
cal devices. Large-scale 
use of electronically con- 
trolled systems in business 
and industry is a certainty 
within the next few years. 


RESEARCH AND DEVELOPMENT 


LABORATORIES 


SCIENTIFIC AND ENGINEERING STAFF 
CULVER CITY, LOS ANGELES COUNTY, CALIFORNIA 
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MITRES — BEVEL GEARS WORMS and WORM GEARS 
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SPUR GEARS — PINIONS 
CHANGE GEARS 
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BOSTON GEAR 
CATALOG 


Lists all gears and other 
BOSTON Products. 
Contains time-saving 
information on gear se- 





lection and useful refer- aw Gcos 

one Cate, A you FLANGED CARTRIDGES UNIVERSAL JOINTS 
Boston Geor Distribu- 

ftor....0orFf write: 


Boston Geor Works, 
64 Hoayword Street, 
Quincy 71, fAcss. 
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Put this STAMP OF APPROVAL 
of 250,000 users on your product. 







BOSTO 


STANDARD STOCK GEARS 


eh. 


and other 
POWER TRANSMISSION 
EQUIPMENT 






RATIOMOTORS 
and REDUCTORS 
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D & J PRESS CO. 
LINES THEIR 
BALING PRESSES 


SPEED TREAT 
STEEL PLATE TO 
STAND THE GAFF! 


WITH 


D & J Press Co., Inc., Buffalo, N. Y., builds scrap baling presses 

large enough to take an automobile and compress it into a bale 
2’ x 2’ x 5’, weighing about 1-ton. The charging box is 6’ wide, 5’ deep, 14’ long. 
Compression, from one end and one side, is furnished by two 14”, 2,000 Ib. cylinders 
and two 17”, 2,000 Ib. cylinders. Construction is welded heavy boiler plate. Charg- 
ing box and platens ore lined with %” SPEED TREAT (X1545) open hearth, medium 
carbon steel plate — selected because it is so easy to machine (in this case, drilling 
holes), and because it ably resists abrasion and impact. In this application the 
SPEED TREAT plate has a tendency to work-harden and resists gouging. 


SPEED TREAT Steel, one of the Speed Steels, has remarkable physical properties — 
speeds machining, increases tool life, readily polishes to a high lustre, suited to 
flame or induction hardening and other treatment — widely used for machine parts, 
hardened gears and sprockets, rubber molds, short run blanking dies, etc. Consult 
your nearest distributor. 





SPEED ALLOY ® SPEED CASE @© SPEED TREAT 
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Montreal-Toronto - 


DISTRIBUTED BY 


Brown-Wales Co., Cambridge-Hartford-Auburn, - Bridgeport Steel Co., Milford, Conn. 
Beals, McCarthy & Rogers, Buffalo, N. Y. - 
Dempsey & Hudson, Inc., Newark, N. J. - Earle M. Jorgensen Co., Los Angeles-Houston- 
Oakland-Dallas - Passaic County Steel Service, Inc., Paterson, N. J. - Peckover's Ltd., 
Peninsular Steel Co., Detroit, Mich. - Pidgeon-Thomas Iron Co., Mem- 
phis, Tenn. - Horace T. Potts Co., Philadelphia-Baltimore-York, Pa. 


Produced by W. J. Holliday & Co., Inc., Speed Steel Plate Division, 


Hammond, Indiana. Plants: Hammond and Indianapolis. Indiana 


Burger Iron Co., Akron, Ohio - Grammer, 
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(Continued from Page 381) 
are not greater than a few pounds 
per square inch. Where greater 
loads are carried and unit pressures 
are higher, the analysis must in- 
clude the compressibility effect due 
to significant changes in volume as 
the air passes through the bearing. 

As an example of this type of 
calculation, consider the step bear- 
ing again, Fig. 3. With air as the 
lubricant and assuming isothermal 
expansion for the flow in the floor 
of the bearing, 


Vo= 





T ho® [ Po?—P;? ] 
R ) 2Po 
Ro 





6 in ( 
- (6) 


where P, and P, are absolute pres- 
sures and the volume V, corres- 
ponds to inlet conditions (P,). 
Equation 6 for compressible iso- 
thermal flow should be compared 
to the equivalent Equation 4 for 
incompressible flow. 


Bearing Developments: Some 
further considerations regarding 
air-lubricated bearings have been 
found in a recent German paper. 
The conically-shaped bearing sup- 
ported by air under hydrostatic 
pressure shown in Fig. 5 is taken 
from the paper. Air is supplied 
through the circumferential groove 
at the middle of the bearing or 
through a belt of holes at the same 
location. This is in reality an 
elaboration of the step bearing de- 
scribed earlier. Before, with the 
simpler design, the air flowed only 
radially outward. With the design 
shown in Fig. 5 the air flows both 
outward and inward. The authors 
have tested this and similar bear- 
ings and report good correlation 
between theory and measurement. 

It should be obvious that air- 
lubricated bearings can be con- 
structed in a number of forms t 
match the peculiar operating de- 
mands ef a wide variety of appli- 
cations. Air bearings have cer- 
tain major advantages for man) 
types of work. Within their limi- 
tations then they do represent 4 
relatively new solution to the gen- 
eral problem of bearing design and 
analysis. Our experience has al- 
ready indicated that the range of 
application of air lubrication is 
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C-13200A 
Push-pull, Rotary Switch 
Bulletin CF-117 


L-12270A 
Solenoid-Operated Switch 


Bulletin CF-110 


another example of 


SORENG CUSTOM QUALITY 
AT LOWER PRODUCTION COST 
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Obviously this ingenious Washer- 
Dryer requires many custom- 
designed components. Perhaps you 
say, “When you talk about cus- 
tom-built parts, you’re talking 
higher costs.” Not if you talk to 
Soreng! 

That is why Bendix, and most 
other outstanding appliance manu- 
facturers, employ Soreng prod- 
ucts. They know from first hand 


experience that Soreng can supply 
custom quality electrical and elec- 
tronic components at “‘stock item” 
prices. 

Write for our “Data Folder” 
giving technical details on a broad 
range of products. Modifications 
of the products illustrated can be 
designed to meet your specific re- 
quirements. Please feel free to re- 
quest information or estimates. 


, PRODUCTS CORPORATION 
9561 Soreng Ave., Schiller Park, lll. (Chicago Suburb) 


Plants: Schiller Park, lll. * 


Fremont, Ohio » 


Spring Valley, Ill. 








Extra large 
channels. 
Liberal size 
grease lubri- 
cated bearings. 
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limited only by the vision and 
imagination of the designer. 
From a paper entitled “Low 
Friction Properties of Air Lubri- 
cated Bearings” presented before 
the New York Academy of Sciences 
in New York, N. Y., January 1953. 


Feedback Control 
Opens New Horizons 


By Gordon S. Brown 


Head, Department of Electrical Engineering 
Massachusetts Institute of Technology 
Cambridge, Mass. 


EEDBACK control is not some- 

thing brand new. On the con- 
trary, it is as old as engineering 
itself. Lord Kelvin wrote about it, 
and James Watt applied it to the 
flyball governing of his steam en- 
gines. Its early industrial applica- 
tions, however, were usually man- 
ual or semiautomatic. A human 
operator read instruments—a tem- 
perature or pressure gage, for 
example—and applied a correction 
to a process by turning a valve 
or adjusting a rheostat. He served 
as the feedback link, the error de- 
sector and the controller. But 
throughout the years the consist- 
ent increase in the tempo of in- 
dustry brought about greater and 
greater complexity of equipment, 
greater need for precision and fast- 
er response of controllers. 

Eventually the human was ruled 
out of the control loop by the 
addition of amplification to the 
instruments to let them replace 
the action of the human muscle. 
Instruments which formerly had 
merely measured and given data 
for inventory purposes now meas- 
ured, indicated, and controlled. 
Complex decisions and judgment 
that had been made by the hu- 
man brain were soon performed, 
rather imperfectly perhaps, by 
mechanisms designed to approxi- 
mate certain of the elementary hu- 
man actions such as proportion- 
ing, anticipating and integrating. 
These steps were very significant 
throughout all technology for they 
freed the machine from the limi- 
tations imposed upon its opera- 
tions by the shortcomings of the 
physical and nervous systems of 
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. Seal Retainer. 


. Synthetic Rubber Bellows. 
. Metal Band. 

. Spring. 

. Holding Dents. 


. Precision-Lapped Sealing Washer. 


STATIONARY SEALING HEAD TYPE 11-A 


This pressed-in packaged sealing unit is designed to protect the 
spiral steel spring inside of the synthetic rubber bellows against 
corrosion. 

The spring clamps the flange of the bellows tight against the 
bottom of retainer and the metal ferrule squeezes the top por- 
tion of the bellows against the ‘‘Teeplelite’’ washer. 

This liquid-tight seal is especially recommended for small 
shafts on hot or cold water, oil, gasoline, kerosene, soapy water. 
Use this seal on: Low Pressures 35 PSI 
Low Temperatures —65°F. to 220°F. 


STATIONARY SEALING HEAD TYPE 6-A 
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A. Seal Retainer. 

B. Metal Ferrules. 

C. Spring. 

D. Precision-Lapped Sealing Washer. 
E. Holding Dents. 

F. Synthetic Rubber Bellows. 
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This pressed-in packaged sealing unit is designed with a spiral 
steel cadmium plated spring (stainless or bronze optional) 
assembled between two metal ferrules which clamp the flanges 
of the synthetic rubber bellows tightly against the retainer shell 
and the “‘Teeplelite’’ washer. 


This liquid-tight seal is especially recommended for small 
shafts on hol or cold water, oil, gasoline, kerosene, soapy water. 


Use this seal on: Medium Pressures 75.PSI 
Low Temperatures —65°F. to 220°F. 


ATIONARY SEALING HEAD TYPE 9-A 


A. Seal Retainer. 

B. Spring. 

C. Sleeve. 

D. Wedge of Teflon. 

E. Sealing Washer. 

F. Precision-Lapped Face. 
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This pressed-in packaged sealing unit is designed to use a wedge 
sealing ring of Teflon*. This wedge shaped sealing ring closely 
fits the inner sleeve of the retainer and makes a liquid-tight 
contact with cone surface of carbon washer. 

The result is a liquid-tight seal which is especially recom- 
mended for hot oil, and all chemical liquids or gases, hot or cold. 


Use this seal on: High Pressures 200 PSI 
High Temperatures 350°F. Low Temperatures —100°F. 


Crane Packing Company, 1825 W. Cuyler Ave., Chicago 13, iil. 


*Du Pont Trade-mark for tetrafluorcethylene resin 
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NEW PACKAGE SEAL-small shafts 
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A LITTLE DOES A LOT 


shows up best 
where the frictional 
conditions are 


difficult 


The case-histories of 154 difficult 
friction problems in the shop and 
in the field, all successfully solved, 
are described in a new 40 page 
booklet. 

It is where conditions are extreme 
that Moly-sultide excels over other 
lubricants. If you encounter ex- 
treme conditions of pressure, tem- 
perature or velocity, send for this 
free booklet. 


Climax Molybdenum Company 


500 Fifth Avenue 
New York City 36NY 






MS-9A 
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the human. Thus was set loose a 
tremendously powerful technique 
that has resulted in the birth of 
feedback control. Throughout all 
industry, processes are daily being 
re-examined to see how automati- 
zation by feedback control systems 
ein help keep pace with our ex- 
panding technology. 


Present State: The key to the 
modern state of control is actually 
not distinguishable unless we look 
behind the maze of motors, pis- 
tons, wires, electron tubes and 
brightly lit panels of instruments. 
What we find is a philosophy, a 
frame of mind, an engineering 
methodology of how to design and 
synthesize control systems. 


Feedback system engineering, as 
considered here, is the co-ordinat- 
ed creitive synthesis of the proc- 
ess, the plant and the instruments. 
Developments predicted for the fu- 
ture call for the creative co-ordina- 
tion of teams of physicists, mathe- 
maticians, and technical specialists 
of many kinds, and culminate in 
engineering in which system syn- 
thesis over-shadows analysis. 
Feedback control system engineer- 
ing, as practiced under the de- 
mands of the mid-twentieth cen- 
tury, deals almost entirely with 
techniques that are new. It is not 
routine engineering. It is often a 
highly technical administrative 
job. It offers the highest of pro- 
fessional challenge. 


The groundwork for the feed- 
back control system engineering 
techniques that exist today was 
laid at about the time the flyball 
governor was invented, but no par- 
ticular merger of theory and prac- 
tice took place until about the 
1920’s. Then came a_ gradual 


| emergence of technological meth- 


od. First, men began to formulate 
and to solve mathematical equa- 
tions that designated the behavior 
of the control systems they in- 
tended to build. Often the results 
were rather surprising. As the sys- 
tems became more complex, man's 
capacity to guess correctly did not 
bear mathematical scrutiny. Slow- 
ly from the mid-twenties until the 
late thirties, the methodology grew 
and influenced control system de- 
signs, but even when World War 






CONTROLLED 
TIMER 


at a price you 
afford 


Practically non-breakable, 
Durakool Pre-set Timer Relays 
have more than proved them- 
selves on the roughest and 
toughest jobs that could be 
faund. Year by year, their use 
increases in sensational fashion. 
Controlled time available from 
1S to 20.0 seconds in either 
normally open or normally 
closed actions. 3 to 4 week 





delivery. No waiting. Your 
production schedule is met. 





No false contacts 
No chatter 
Quiet in operation 


Eliminates double confacting 
or breaking of circuit 


+ + + + 


See totephene directory for local 
distributor or write 


DURAKOOL, INC., Elkhart, Ind. 


Durakool 





ALL-STEEL MERCURY 


Tomercé- 
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IN AIR AND HYDRAULICS 


RIVETT DISTRIBUTORS are foremost 
authorities in applying air and hy- 
draulic power. No group of distributors 
possesses more knowledge and experience about 
air and hydraulic power than these Rivett deal- 
ers. Most of the men in these organizations have 
spent their business lives working with air and 
hydraulics — designing circuits, recommending 
the correct types of valves and cylinders; and 
many have had a very practical background in 
the actual design and manufacture of most all 


components now being marketed. 


And because Rivett furnishes a complete power 
package—all types of air and hydraulic valves, 
cylinders and power units —these men can offer 
you a single source for all your power needs. 
They can plan a more efficient installation with 
units that have been designed to operate smoothly 
with each other. And knowing your complete 


design problem, Rivett distributors can furnish 


better help on maintenance, delivery and price. 





%" to 1” sizes. 


Air cylinders for 150 P.S..; 
seven mounting styles; nine 
bore diameters; strokes to 
96"; cushioning. 





Hydraulic valves for 1500 P.S1., 
up to 3000 P.S.1.; 4 types of 
Air valves for 150 PSI; action; 5 piston designs; 6 op- 
five kinds of operation; erations; V4" to 12", 


Newark and New York — Compressed Air Products, 1977 
Springfield Ave., Maplewood, N. J.; 6 Church St., New 
York City 6, New York 

Philadelphia, Pa. — The Battersby Co., 3701 N. Broad Street 

Boston, Mass. —L. W. Sheehy, 1104 Park Square Building 

Baltimore, Md. — Colliflower, Inc., Baltimore National Pike, 
Ellicott City, Md. 

Buffalo, N.Y. — Lane Engineering Co., 1807 Elmwood Ave. 

Rochester, N. Y. — Genesee Machine Builders, Inc., 1732 
Hudson Avenue 

Pittsburgh, Pa. — F. P.. Magill Co., 44 McKnight Street 

Cleveland, Ohio — Garco Machy. Co., 21000 Sr. Clair Ave. 

Dayton, Ohio — Seifreat-Elstad Machy. Co., P. O. Box 332 

Cincinnati, Ohio—Seifreat-Elstad Machy. Co., P.O. /,ox 2508 

Columbus, Ohio — Seifreat-Elstad Machy. Co., P.O. Box 922 

Detroit, Mich. — Fors Sales Co., 2832 East Grand Blvd. 

Flint, Mich. — Shively Bros., Inc., 719 East 2nd Avenue 

Chicago and Milwaukee — MacMillin Engineering Corp., 
1737 Howard St., Chicago 26, Illinois 

St. Louis, Mo. — William Scheer Co., 6376 Clayton Road 

Tulsa, Okla. — John G. Burke & Co., P.O. Box 1652 

Minneapolis and St. Paul, Minn. — Anderson Machine Tool 
Co., 2641 University Ave., St. Paul 4, Minnesota 

Salt Lake City, Utah —J. M. Grisley Machine Tools, 375 
S. W. Temple Street 

Los Angeles, Calif. — Paul-Munroe Company, 4867 E. Gage 
Ave., Bell, California 

San Francisco, Calif. — Ditzen Engineering and Sales, 5275 
Claremont Ave., Oakland 9, Calif. 

Oregon and Washington — Hydraulic Power Equipment 
Co., 2316 N.W. Savier Street, Portland, Ore. 

Canada—D.M. Duncan Machinery Co., Ltd., 1958 Wyandotte 
St. East, Windsor, Ontario; 197 College St., Toronto, 2B 





Hydraulic cylinders for 300, 
1500 and 3000 P.S.1.; 7 mount- 
ings; 10 diameters; strokes to 
96"; standard and 2:1 rod; 
cushioning. 





Power units .4 G.P.M. to 40 G.P.M. at 1000 P.S.I. Double 
units 3 G.P.M. and.4 G.P.M. to 40 G.P.M. and 12 G.P.M. 
at 1000 P.S1. 


LATHE & GRINDER, Inc. 


Dept. MD-4, Brighton 35, Boston, Mass. 


Rivett Furnishes a Complete Power Package — Valves, Cylinders, Power Units 


Air and Hydraulic. All sizes and types. 











LET TIMERS MAKE 
YOUR PROCESS AUTOMATIC 








THIS PANEL WELD FOR 
You 


nd build a panel, 
d produce for you. 





Eagle will design a 
ready to plug in an 
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; CONTROL YOUR 
=) MACHINES WITH EAGLE 


PRECISION TIMERS FOR 
GREATER PROFIT 








Eagle “know how” engineers, (without 
obligation), will study your individual 
process and suggest the right timer to 
improve the quality and speed-up pro- 
duction of your product. You can save 
countless man-hours for greater profit 
with Eagle precision timing or count- 
ing. 





A WIDE VARIETY OF 


FOR YOUR SELECTION. Ste 3 SICEIN FN 





TELL US YOUR PROBLEMS — WE'LL DO THE REST 
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II began, we were barely muddling 
through. Statics had not yet given 
way properly to dynamics in our 
thinking. 

As the general theory for the 
analysis and synthesis of control 
systems emerged, it became appar- 
ent that the theory itself was not 
enough. Some basis had to be 
found for speeding up the solu- 
tion to design studies. The old era 
of the cut-and-try gadgeteer 
passed—the predetermined and 
predicted gadget became more fre- 
quent. A century ago many prob- 
lems could be solved with relative- 
ly simple controllers which might 
be constructed by a clever inventor 
or technician. World War II and 
subsequent controllers, however, 
demanded more exacting knowl- 
edge of the device or process to 
be controlled and of the basis for 
setting reasonable _ specifications. 
The coupling between science and 
engineering now became very tight 
as the designer probed more deep- 
ly into the basic theory of proc- 
esses. The calculations were tedi- 
ous and long so charts, nomo- 
grams and sliderules were invent- 
ed for the solutions of special 
problems. Criteria of dynamic ex- 
cellence began to emerge. 


Research Stimulated 


But a great vacuum still existed 
in the numerical data available 
to the engineer. Its presence stim- 
ulated whole classes of experi- 
mental testing studies on live sys- 
tems — mechanical, electrical, 
chemical and aeronautical. Com- 
plete plants or mechanisms of sys- 
tems were disturbed by test sig- 
nals, and the response compared 
with the disturbance. It became 
convenient to write the describ- 
ing equations for electric motors, 
amplifiers, hydraulic drive and 
even chemical processes in terms 
of their message-handling ability 
and to analog them by means of 
passive and active circuits con- 
taining resistors, capacitors, vac- 
uum tubes and other simulation 
apparatus. By the application of 
the transient and sinusoidal test 
function, the use of operational 
mathematics, the exploitation of 
signal-flow diagrams and block 
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WICHITA 
LOW INERTIA 
Air-Tube DISC CLUTCH 


| For complete safety of the operator, split 



















second disengagement is absolutely essential! The 


amazing disengagement speed of Wichita Air- oy. SPECIAL 
: ate es VENTILATED 
Tube Clutches is due to minimum volume of air in \? hir-Tube 


tube and to Wichita Quick Release Valves. —% DISC CLUTCHES 


Wichita Clutches are operated successfully, on 
many types of equipment, all over the world and 
NOT ONE HAS BEEN REMOVED. This alone 
proves the superior performance of Wichita 

Clutches. Test a Wichita... you'll see for 
yourself! 


(Whar Mejor featanes 
® Soft, Smooth Engagement 
® Simple Design 


®@ 3 types of clutches: Standard, 
Low Inertia, Special Ventilated 








® Efficiency Engineered at rs: WICHITA 

® Positively Ventilated nn ——_ 
for Cooler Operation sii ao : ; 

® Extremely Long Life as a DISC CLUTCH 

® Easier Maintenance 





Censult your nearest Wichita Engineer 
‘for complete and detailed information. 
WICHITA DISTRIBUTORS 


Brehm-ichner, Inc., Detroit, Michigan 
L. H. Fremont, Cincinnati, Ohio 
Pneumatic Power Equipment Co., Cleveland, Ohio 
W. G. Kerr Company, Pittsburgh, Pa. 
Smith-Keser & Co., West Hartford, Conn. 
Smith-Keser & Co., Philadelphia 44, Pa. 
Smith-Keser & Co., Westwood, N. J. 

Tool & Machinery Sales Co., Buffalo, N. Y. 
Frank W. Yarline Co., Chicago, UL 

Power Rig & Equipment Co., Inc., Long Seach, Callf. 
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Leather Oil Seals 









































eliminates 
the human 
variable 


It’s human nature to have occasional 
“off days” ...as your own quality 
control engineers will testify. 


Here, at Trostel, we keep quality from 
Leather Packings getting a personal bias... by using 
specially developed automatic 
production machinery like the 
Trostel-designed multiple-die hot molding 
“consoles” pictured above. 


These machines eliminate the possibility 
of human error in calculating and 
measuring critical time-pressure-temperature 
cycles. They do a precision job 

... automatically, unfailingly. 


Synthetic 
Rubber Packings 


Our employees find this arrangement 
makes their work easier. Our customers 
know it results in packings and 

oil seals of consistent quality 
regardless of the day of the week 

or the time of day they are made. 


It’s another good reason why: 


Synthetic 
**You can trust a Trostel seal.” 


Rubber Oil Seals 


Illustrated Bulletin On Request 


ALBERT TROSTEL PACKINGS, LTD., Lake Geneva, Wis, 


Formerly Division of Albert Trostel & Sons Co., Milwaukee, Wis. T rn 0 N T FL 
| NEW YORK AUS 







BRANCH OFFICES LOS ANGELES > p 
SAN FRANCISCO U UALITY 
SEATTLE + HOUSTON 
WORCESTER, MASS. 





| 
' 
| 


} 
| 





Design Abstracts 





diagrams, and the complex vari- 
able forms for transfer functions, 
the system engineer brought the 
whole vast and important theory 
of communications and electrical 
circuit analysis to bear upon the 
analysis and synthesis of feedback 
control. 


The changes in equipment de- 
sign that today are upsetting the 
peace of the industrial and mili- 
tary scene stem from the energetic 
collaboration of bold and imagina- 
tive engineer-scientist teams. To- 
day’s new apparatus is gone to- 
morrow. Improved performance of 
a control system and great new 
systems of control no longer come 
into being merely by men at draft- 
ing boards plying themselves dili- 
gently to variations upon compo- 
nents. Rather they begin with the 
system engineer who draws up a 
unified scheme for control wheth- 
er his subject be a missile or an 
industrial process. He pulls to- 
gether his team of abstract think- 
ers, scientists and creative engi- 
neers. He poses such questions as: 
“Are we exploiting magnetic phe- 
nomena so that the dynamics of 
our energy conversion members 
respond in an optimum manner 
to the most data we can send over 
our channels, or is it possible that 
by matching process-reaction dy- 
namics with instrument dynamics 
we can have less hold-up in our 
process and hence not build such 
massive structures?” 





Gadgeteering Outmoded 


The rise of ideas which have 
led to the frame of mind, the art 
so to speak, developed because 
system engineers found a need to 
be more quantitative as they were 
faced with the tasks of processing 
more and more material in less 
time with less space, and to closer 
tolerances. Their practical prob- 
lems had become more complex, 
more sophisticated. They were face 
to face with the expanded tempo 
of industry. They wanted num- 
bers to measure physical phe- 
nomena, they wanted to replace 
the guesswork and cut-and-try 
gadgeteering by procedures based 
upon modern scientific discoveries, 
and mathematical law expressive 
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Relation of center dis- 
tance and width of 
case gives latitude in 
proportioning gears 


io specific conditions. 


Take a closer look at why Farrel® 
speed reducers can solve your drive problems 


FB-813 


Unlike most “standardized” products, Farrel 
speed reducers are standard only in their 
principal features. They are adaptable in cri- 
tical detail. 

The gears and pinions can be proportioned 
to meet specific load, speed and service re- 
quirements. Input and output shafts can be 
varied in size, in material, and in extension. 
Even some housing dimensions can be modi- 
fied to meet problems in mounting. 

This design flexibility has resulted in the 
solution of innumerable application prob- 


lems. There is no need to compromise. You 
can ask for—and get—a unit that will meet 
your exact needs. 

Then, too, Farrel speed reducers are made 
in a number of different types, with a wide 
range of ratios and capacities. Designs include 
single, double and multiple reduction units, 
speed change units having two or more selec- 
tive speeds, right angle drives, and drives to 
meet special requirements. 

Write for further details of these problem- 
solving units. Ask for a copy of Bulletin 449. 


FARREL-BIRMINGHAM COMPANY, INC. 
ANSONIA, CONNECTICUT 
Plants: Ansonia and Derby, Conn., Buffalo, N. Y. 
Sales Offices: Ansonia, Buffalo, New York, Boston, Pittsburgh, Akron, Detroit, 
Chicago, Memphis, Minneapolis, Portland — les Angeles, 
Salt Lake City, Tulsa, Houston, New Orleans 


Farrel -Cimingham 
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| Of the dynamic state of system 
behavior. They had to substitute 
exact design with confidence for 
gadgeteering and empiricism. They 
became vitally interested in the 
useful aspects of modern science, 
They learned that analysis must 
precede construction, especially 
for systems so complex that they 
take five or ten years to build 
and thus often outspan the engi- 
neering and managing ability of any 
one group of men involved in the 
task. They know that the creation 
of the systems demanded by the 
future will embrace even greater 
scope and complexity and call for 
the effort of closely coupled teams 
of widely different specializations 
whose knowledge of the modern 
discoveries of science, engineering, 
and management is first-rate. 






























































Today’s Outlook: On all fronts 
automatic control is flourishing, 
so much so that we can be par- 
doned if we view the race with 
alarm. The robots are here. Our 
schools are turning out the engi- 
neers to design their components 
and to conceive of them in toto. 
Industries are springing up every 
month to build heretofore unheard 
of mechanisms. Older industries 
have shifted over to new lines of 
equipment. Researchers are prob- 
ing new frontiers. Conferences al- 
most every few months are devot- 
ed exclusively to the technical and 
scientific aspects of the problem. 


Now, unlike a century ago, 
theory and practice seem to be 
advancing to some extent in syn- 
chronism, though the deeper we 
probe the more we realize that 
conventional methods of analysis 
are inadequate. Thus, the pressure 
of physics and mathematics still 
continues. The physics laboratory 
has moved into the production 
plant. Today it is not enough to 

- asith A ; | know the temperature and the 

ca —~ a available in Models MOS | pressure under which a chemical 

AY A ~ won | and MOD (duplex, reaction may be taking place. We 
TWINi DISC ~~ PRES i my | seek to know the molecular weight 
CLUTCHES ano /wyoRAuLc DRIVES pea See | of the material being made. We 
; ¥ ' : search for measures of its color, 
its odor, its ability to transmit 
light, its infrared absorption, the 
amount of moisture taken up by 
the material. So men have gone 
to higher strata of measurement. 














TWIN DISC CLUTCH COMPANY, Racine, Wisconsin - HYDRAULIC DIVISION, Rockford, Illinois 


BRANCHES: CLEVELAND + DALLAS + 





DETROIT -« 





LOS ANGELES + NEWARK + WEW ORLEANS + SEATTLE + TULSA 
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Spiral Tubing, another outstanding C-D-F product, is an 
important new material for the progressive, cost conscious 
design engineer (and purchasing agent). It is a high strength 
plastic made from paper or fibre that is spirally wound, 
then impregnated with phenolic resin or insulating varnishes 
and carefully cured at high temperatures. The resulting 
tubes (round, square, rectangular or formed to special 
shapes) are stiff, sturdy, resistant to crush, with good 


tensile strength. 


This unique product has good dielectric strength with low 
dielectric loss properties. Moisture resistance and dimen- 
sional stability is easily controlled in the manufacturing 
process. The wide variety of sizes, shapes, forms; the 
strength; low cost; ease of fabrication; speed of delivery; 
all combine to make C-D-F Spiral Tubing worthy of your 


investigation. 


FABRICATION 


Spiral Tubing is readily sawed, 
punched, drilled, tapped, riveted, 
stamped, painted, depending on the 
grade; it is suitable for automatic 
machine operations, but not recom- 
mended for conventional machine 
threading. Waxing or varnish im- 
pregnation to improve moisture re- 
sistance is usually done on the fin- 
ished coils by the user. 


The round tubing ranges from 3/32 
to 8” ID, with wall thicknesses from 
.0075 to 4". The minimum ID of 
square and rectangular tubing is 3%”, 
with 2%” the maximum ID. Wall 
thicknesses range from .010 to 3/32”. 


Standard lengths are from 2 to #’, 
with special sizes and grades, plain 
or impregnated, open for your dis- 
cussion with our C-D-F sales and 
engineering staff. 


WE MAKE AND FABRICATE... 
STRONG, Low-cost SPIRAL TUBING 





PRIMARY APPLICATIONS 


COIL FORMS OF ANY SIZE OR SHAPE 
for tuned or untuned RF, IF, oscillator, and other 
coils used in radio, television, electronic circuits 
for solenoids, relays, circuit breakers 
for transformers 
for permeability tuners 


INSULATORS 
for selenium rectifiers 
for electric motors 
relays 


BUSHINGS OR SPACERS 
armature shaft spacers 
for mechanical support 


SHIPPING PROTECTORS AND FOR SPECIALIZED PACKAGING 
BOBBIN TUBES 
BODIES FOR PAINT ROLL APPLICATORS 


AS A COMBINATION MATERIAL 
with other C-D-F high strength plastics or electrical 
insulating materials 


GRADE SELECTION 


C-D-F has mass production facilities for both the 
manufacture and fabrication of eighteen distinct 
grades of Spiral Tubing. For example, there’s a 
special punching grade, fine for punching rectan- 
gular or square holes near the end of the tube. A 
relatively soft tube is supplied for difficult stapling 
or riveting. C-D-F makes high strength automotive 
electrical bushings from a very hard tubing with 
high axial compressive strength. Combinations of 
kraft, chipboard, Diamond “fish paper” Insulation, 
and other materials are available. 


FORMS: ROUND e FORMED ¢ FORMED AND NOTCHED + SQUARE AND RECTANGULAR 


YAME TO REMEMBER 





NEWARK 23, DELAWARE 


Remember, C-D-F has production know-how, years of experience in electrical insulation. See your C-D-F sales engineer. 
Write now for new 1953 spiral tubing folder, a workbook showing grades, applications, properties. 
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The Right Viewpoint 




















































When you're thinking about aluminum or magnesium castings, 
you need the services of an organization with the right viewpoint. 


We're referring, of course, to the right viewpoint toward the best 
. . ability to do the job; ... 
. » experience. 


possible use of these two light metals . 
service; .. . adequate facilities for production; . 
We here at Wellman like to think we have a combination of all 
these things . . . trained, interested personnel, three complete foun- 
dries and a modern pattern shop, almost a half century of experi- 


ence in solving casting problems. 


Why don’t you try us and see how we look from your viewpoint? 


® Well-Cast Aluminum and Magnesium Castings 


® Well-Made wood and metal patterns 
Write for our new Catalog No. 53 


THE WELLMAN BRONZE & ALUMINUM CO. 








| 
| 
DEPT. 10, 12800 SHAKER BLVD., CLEVELAND 20, OHIO | 
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They shoot missiles into the sky, 
they look at materials with specia] 
radiations, they spin propellers in 
the streams, they beam sound- 
waves around the vats and pipes, 
all in an effort to become more 
quantitative about the dynamics 
of what they are doing. All this 
calls for great amounts of study 
about what to do with the meas- 
urements when the data are avail- 
able. After all, it is one thing to 
decide how to measure the vis- 
cosity of a fluid; it is another 
thing to know what knobs on the 
process to turn on or what ingredi- 
ents to add to change the sticki- 
ness of the fluid an exact amount, 
yet these are the frontiers being 
attacked today. 


Training Required: Feedback 
control system engineering is now 
here as a new rapidly growing 
profession. It is one that demands 
a type of system thinking that 
ignores traditional categories in 
both educational and industrial or- 
ganizations. The training of young 
men for this new level of pro- 
fessional competence requires 4a 
reorientation of our ideas of post- 
graduate engineering education. 
The proper utilization of this new 
kind of talent requires an awaken- 
ing and a reorientation of the at- 
titudes of engineering manage- 
ment. At all management levels— 
financial, technical, operating and 
maintenance—we must be pre- 
pared to recognize control with its 
benefits and its limitations. Today 
we have a great paradox. We 4l- 
most cannot afford not to have 
lots of control. However, com- 
promises must be made between 
costs and performances. Old meth- 
ods of design are being forced 
to yield to new ones with closer 
coupling between instrumentation 
limits and the costs and strength 
of steel tanks. Finally, men who 
have been used to operating the 
controllers of 1930 vintage are re- 
ceiving more and more often black 
boxes of the 1950 vintage. They 
now must learn new tricks of why 
they work, how they work, and 
how they can be repaired. Thus, 
the student of industrial manage 
ment, the engineer involved in re- 
search, development and design, 
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Weighs only 
2Ve ounces. 


Strong, durable, 


mon-corrosive- 


Requires PO 
tubrication- 


= 


Now for the first time an inexpensive gear 
type coupling for the smallest fractional 
H.P. drives. The same major construction 
features of the modern gear type coup- 
lings so widely used for larger units is 
now available for nominal bores down 
to ¥%" diameter. 

This amazing new WALDRON Junior 
Gear Type Coupling has two externally 
geared hubs enclosed in an internally 





Patent applied for 


3EAR COUPLING 


geared sleeve that takes any size hub 
from %” to %” bore. Made of smooth, 
tough, unbreakable nylon, it withstands 
corrosion and is not affected by most 
liquids and gases. 

These small, compact, light weight 
WALDRON Junior Couplings now pro- 
vide an economical solution to drive 
problems on hundreds of different types 
of apparatus. 


Write us today for fuli particulars, sizes, dimensions, ratings, etc. 


JOHN WALDRON CORPORATION 
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Sales Representatives In Principal Cities + In Canada—Peacock Brothers, Ltd. 
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and the man who keeps the equip- 
ment running, all must become 
conversant in a complementary 
way with feedback control system 
engineering. 


Feedback System Engineering: 
Control system engineering re- 
quires first, an analysis of the 
whole system in terms of inde- 
pendent, partially independent and 
dependent variables; second, an in- 
tegrated design of instrument, 
process reaction and controller; 
third, which is too often the first, 
the initiation of mechanical de- 
sign, fabrication; and finally, the 
test. Perhaps the airplane is the 
unique example to cite here. The 
modern jet fighter is no longer 
merely an exquisite airframe but 
a unique optimization of a weapon, 
a killer, and a navigable flying 
machine. The coupling required be- 
tween all branches of science and 
engineering for its creation is ex- 
tremely close. 


The concepts of automatic con- 
trol are now developing from 
those that call for the mere as- 
sembly of standard components, 
to the synthesis of unique com- 
ponents evolving along the pat- 
tern of servomechanisms design. 
Such further steps as the incorpo- 
ration of computational aids in 
automatic control for the simul- 
taneous control of several vari- 
ables from combinations of en- 
vironmental and quality informa- 
tion, in such a way as to require 
the instant-by-instant solution of 
complex groups of equations dur- 
ing the operation of a plant or 
system are clearly indicated 
trends. In some cases, instead of a 
steady-state condition of opera- 
tion it is found better to use a 
continuously adjusted or sliding 
condition. Such requirements often 
call for computers as part of the 
system. 


Particular stress must be laid 
on the science and practice of 
measurement, which is perhaps 
the most important topic in the 
automatic-control field, first, in 
order to ascertain the proper 
quantity to be measured and sec- 
ond, to prescribe the dynamic ac- 
curacy required. The measurement 
of product quality represents chal- 
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Are high capacity and long service life important? 


tay | here’s how truck and trailer manufacturers 
get them with NEEDLE BEARINGS 




















































‘ing: 
re- P : 

the Many leading truck and trailer manufacturers specify Torrington 

nde- Needle Bearings for steering and brake assemblies because of 

and their high radial load capacity and their long service life. 

1 in- They have been performance-proved in day-to-day operation as 

ent, under every kind of road and traffic condition. 4% 

ler; Torrington Needle Bearings in steering mechanisms fs 

rst, of trucks and buses make for easier handling, surer 

de- steering — and on the braking systems of heavy- 

the duty trailers, they help assure smoother, faster 

the stops. The unique construction of Torrington 

The Needle Bearings contributes to their long, 

ger trouble-free, anti-friction performance — a 

but must for operators of truck and bus fleets. 

— Needle Bearings have demonstrated their worth 

Ing in countless applications since they were introduced 

be- nearly twenty years ago. Their high capacity and their 

ind ease of installation have made them “standard 

ex- equipment” wherever compactness of design and 

trouble-free performance are vital. 

on- We'll be glad to show you how Needle Bearings 

7m can be used to advantage in your product. 

1s- 

ts, THE TORRINGTON COMPANY 

m- Torrington, Conn. South Bend 21, Ind. 
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. TORRINGTON ////7/; BEARINGS 

) 

Needle e Spherical Roller e Tapered Roller e Straight Roller e Ball e Needle Rollers 
Trade-marks of some of the truck and trailer manufacturers whose products enjoy the benefits of Needle Bearings. 

tone 6 
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REQUIRED!) 





Here is a convenience which facil- 
itates the designing of smaller, 
more streamlined machinery—and 
proves invaluable in many factory 
applications where motor space 
is limited. Machinery builders and 
motor users are saving an average 
of 23.7% of valuable space by us- 
ing Reliance PRECISION-BUILT 
Motors which require no external 
conduit box! You simply replace 
conduit box with small plate fur- 
nished with each motor and re- 
move knockout between motor 
feet to make lead connections! 


Where box is used by choice, it 
can be rotated to any of four posi- 
tions or moved to opposite stand- 
ard. For complete details write 
for Conduit Box Data on Reliance 
PRECISION-BUILT Motors. 3-101 


Sales Representatives in Principal Cities 


RELIANCE 


ELECTRIC AND 
ENGINEERING CO. 


1079 Ivanhoe Road e Cleveland 10, Ohio | 


“All Motors are NOT Alike” ff 
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lenging new areas of basic re- 
search, extending to the field of 
nuclear techniques. The field of 
electronics and _ electromagnetics 
appears to offer more opportuni- 
ties for improved measurement 
and amplification of signals than 
any other means. Vacuum-tube 
amplifiers, pulse techniques, stor- 
age and memory techniques are in 
everyday use and must be includ- 
ed with a student’s training. 


Familiarity with mathematics of 
differential equations, functions of 
a complex variable, statistics, and 
non-linear techniques, as well as 
knowledge of physics and chem- 
istry of the mid-twentieth century 
variety are basic. A vital, but 
much neglected field, is that of 
energy conversion and energy 
transfer, in relation to dynamic 
processes. Computational aids such 
as differential analyzers, comput- 
ers or simulators, are needed in 
the analysis and synthesis of full- 
scale problems, though they are 
no substitute for keen analytical 
thinking. Contact with these de- 
vices are vital parts of training. 


Tomorrow’s Outlook: Even in 
the most robotized of the auto- 
matic factories there will be many 
men. We are far from the time 
when men can be replaced. Nor 
should labor fear the widespread 
growth of control. On the other 
hand the use of control coaxes 
him none too gently into taking 
more responsible jobs, making 
bigger decisions and using his 
mind as well as his hands. On the 
other hand it gives him greater 
freedom and leisure for hitherto 
unreachable creative pursuits. 

To many thinkers, feedback as 
an evolving concept is as impor- 
tant as anything now in sight. If 
the atmosphere in which our 
study of machine systems takes 
place is profound and invigorat- 
ing, we should be able to give our- 
selves the collatoral capacity to 
think about problems arising in 
human systems. Already feedback 
as a concept has given us a new 
insight into the nature of man 
and the operations of his body. 
Over and above these virtues we 
find the need for engineers to ap- 
ply this kind of imaginative think- 








ACCESSORIES CORPORATION 
1414 Chestnut Avenue 
Hillside 5, New Jersey 





Need a 
Compact 
RIGHT ANGLE 
DRIVE? 













Perhaps the compact design 
of ANGLgears—they fit into 
the palm of your hand—will 
solve your problem. And 
these standardized right angle 
bevel gear drives have the 
capacity of units many times 
their size. Model R-300 is 
rated at 1/3 hp at 1800 rpm 
—Model R-320 at 1 hp. Both 
models have hardened gears 
and bali bearings, are lubri- 
cated for life. Both can be 
supplied with either 2 or 3- 
way extensions too. 





For detailed information 
about ANGlLgear, see your 
local power transmission 
distributor or write us. 
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ROLL CALL OF [ad THESE NOTABLE NAMES 
seaLastic USERS’ «€©6hoIN AMERICAN INDUSTRY 


e AIRCRAFT ENGINES 
Allison Division—General s 
Motors Corp. 
Bendix Products Division— 
Bendix Aviation Corp. 


Pratt & Whitney Aircraft— 
Division United Aircraft 
Corp. 

Wright Aeronavfical Corp. 
—Division Curtiss-Wright 
Corp. 

















e AUTOMOTIVE 







































a Bueh! Manufacturing Co. SELF-LOCKING ——_. , 
Pl Continental Motors Corp. FERRULE* “a ~~. 


BK 
Ford Motor Company . 
Packard Motor Car Co. _ ig? 
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emi 
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BS ADA 


e BUSES 


ACF Brill Motors Co. 
Canadian Car & Foundry 


General American Aerocoach 


—Div. General American : “a 
Transportation Corp. SYNTHETIC ae 


lh 
RUBBER SEAL RING A of 


win Coach Co. Ene 7 
cocci THE FITTING THAT Is ~SFLV ers ABSORBING 


© FOOD PROCESSING AND VIBRATION-FATIGUE PROOF FOR LOW, 


The Liquid Carbonic Corp. 
MEDIUM AND HIGH PRESSURES 






















VPP E EA 4 0 rats fh 


of Beers 


e MACHINERY By eliminating metal-to-metal compression (to withstand pressure 
contact between tube and fitting, up to 4,000 p.s.i.). 
Allis-Chalmers Mfg. Co. SEALASTIC ends your problem of 


Substantial time and labor savings 


Detroit Diesel Engine Divi- leaks and breaks caused by shock ; 

; : . ‘ in assembly work 

sion—General Motors Corp. and vibration-fatigue. Overcomes repairs erg me ste ig yaa 
tube misalignments. Permits de-  Sealastic Fittings are engineered 

e OlL WELL MACHINERY pendable, cost-saving, straight- and integrated to your special 

line-tubing between fixed points. requirements ° 

Cardwell Mfg. Co., Inc. P P ‘ ? : 
This cushioned-coupling design The varied industries listed at the 


provides a seal ring of synthetic eft are proof of Sealastic’s practi- 


@ RAILWAY rubber, surrounding a ferrule cal application wherever fuel, oil, 
tiled ‘ pm proetirr Z. hey ring water, refrigerants, air or ether in- 
Electro-Motive Division— ; ; jection must pass through metal 
General Motors Corp. Seal ring prevents metal-to-metal tubes or piping. 

contact and cushions against vibra- May we send you descriptive book- 
« REFRIGERATION tion. Nut only needs to be tightened let and full details of Sealastic 


by hand to place entire seal under engineering service? 





Howe Ice Machine Company “Fer critieal applications, we recommend the solid ferrule fixed on the tube 


CHICAGO FORGING & MFG. CO. 


Automotive Parts Manufacturer since 1922 


2000 SOUTHPORT AVENUE + CHICAGO 14, ILLINOIS 
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APPLICATIONS 
Bearings 


Connectors 
screws—rivets 


Coil forms 
Gears 


Rollers 


You can fabricate parts readily (drill, tap, thread, turn, 
mill, blank) from standard shapes of POLYPENCO nylon 
on standard shop equipment. This keeps tooling cost 


low and makes nylon economical without costly tooling. 
Call on us for engineering help. We will tell you if nylon 


is practical for the application, how to fabricate it—or we 


will fabricate it for you. Write for prices or technical data. 


Thrust washers 
Valve seats 
Wearing surfaces 
Insulators 


CHARACTERISTICS 


Abrasion resistance 
Electrical insulation 


WHEN YOU WANT NYLON PERFORMANCE 
with low tooling cost...design with 


POLYPENCO ROD, STRIP, TUBING 





Light weight 
Heat resistance 
Quiet operation 
Toughness 
Resilience 


Low coefficients 
of friction 





POLYPENCO NYLON 


nylon and teflon* 
stock shapes, finished parts 


also available to your specifications 





The POLYMER CORPORATION of Penna. « Reading, Penna. 


In Canada: C-H Engineering Company « Montreal « Toronto 
* registered trademark of the Du Pont Company 
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ing to their actions—both long 
and short term—as citizens. Engi- 
neers as a class should always 
think comprehensively about the 
effect on society of their own ac- 
tions if engineering is truly a pro- 
fession. 

It should not be out of place 
here to contemplate human society 
as a large feedback system where- 
in man’s intellect is the feedback 
link between his environment and 
his conscience. If true, it follows 
that the attitudes of mind we are 
trying to encourage in the various 
technical fields of feedback con- 
trol may be the key to a new type 
of thinking and a new way of look- 
ing at the social problems of the 
twentieth century. 

From a paper entitled “Feedback 
System Engineering—An Expand- 
ing Field” presented at the AIEE 
Centennial of Engineering Meeting 
in Chicago, Ill., September 1952. 


A Look at 
Gear Scoring 


By B. W. Kelley 


Research Engineer 
Caterpillar Tractor Co. 
Peoria, Ill. 


UP TO recent years, occasional 

gear scoring problems were 
subdued without much technical 
difficulty, although always with 
costly production changes, by 
modifying gear geometry in a trial 
and error manner or changing the 
oil characteristics. 

A scored gear will not put a 
machine immediately out of opera- 
tion but the damage caused by the 
apparently superficial failure is 
threefold. First, it produces 4 
noisy pair of gears. Second, small 
particles of metal released attack 
oil systems and aggravate the 
wear of bearings and other gears 
in the same oil supply. Third, gear 
tooth profiles are destroyed, in- 
creasing sensitivity to pitting and 
tooth breakage. 


Scoring Characteristics: As con- 
sidered here, scoring is a welding 
and tearing action resulting from 
metal to metal contact, which re- 
moves material rapidly and con- 
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TILTED BEATER SHAFT 


provides new mixing principle 
in “Triumph” Vertical Mixer 






By tilting the beating mechan- 
ism in this 20-quart bench mixer, - 
instead of the usual vertical 
position, engineers at Triumph 
Manufacturing Co., Cincinnati, 
O., have duplicated the same 
effect as whipping done by 
hand. Ordinarily, this would 
pose a real bearing problem— 
extreme compactness, high ca- 
pacity, overhung loading, tilted 
vertical operation, variable 
speeds up to 475 r.p.m. Fortu- 
nately, Triumph engineers had 
been using Orange Cage Type Needle Bearings with great 
success on other vertical shafts in its line of beaters. Would 
they work on the tilted shaft? Yes! After long testing and field 
experience, equally fine performance is being obtained in the 
new tilted beater mixers. 


‘ 


































Permanent alignment of rollers prevents skewing 


Wi all rollers guided by retaining pockets of the anti-fric- 
tion cage, Orange Cage Type Needle Bearings are true 
running in any position—vertical, tilted, horizontal. They work 
equally well in overhung applications and are less affected by 
misaligned mounting or uneven loading. Internal clearances 
can be accurately controlled for exacting requirements. 







As a result, Orange Cage Type Needle Bearings—originators 
of this type bearing—are enabling design engineers to gain the 
many advantages of needle bearings in applications heretofore 
unsuited for conventional types. Operation is extremely 
smooth and quiet, with longer life expectancy. All rollers and 
races are ‘‘Pentrate’’ finished for resistance to corrosion. 










@ Available in stock sizes from 2” to 8” 

shaft diameters, fully interchangeable with 
standard heavy-duty needle 
bearings. Write for Engineering 
Data Book. 
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coil-itis in your processing tank? 






























The constant care it takes to keep tanks operating 
when they’re plagued with coil-itis is extremely costly. 
Downtime, and all the other maintenance time, 
slow heating and cooling ills of using old-fashioned 
pipe coils can be cured with Platecoils. 
As revolutionary as the new wonder drugs, Platecoils save as 
much as 50% in initial cost. They take 50% less space 
in the tank. They simplify maintenance and save 
hours of downtime. Compared to the hours it takes to 
clean and replace pipe coils, Platecoils can be cleaned 
and replaced in no time at all . . . without 
dumping the solution. 
It costs less to cure coil-itis with Platecoils than to 
suffer its evils. Write for bulletin P71 today! 


PLATECOILS SAVE 50% IN HEAT TRANSFER COSTS 


PLATECOILS COST The Newcomb-Detroit Co., Grand Rapids 
LESS TO BUY, Division, has found it is less costly to buy, 

install and maintain Platecoils than to 
INSTALL, MAINTAIN fabricate pipe coils in their own plant. 
Ask about other case histories. 


_ BLATECOIL 


REPLACES PIPE COILS 


3K 


Coil-itis — Diagnosed 
as tank heating and 
cooling problems. 
Platecoils — the pre- 
scription for solving 
pipe coil problems. , 


PLATECOIL DIVISION, KOLD-HOLD MANUFACTURING CO., LANSING 4, MICHIGAN 
404 
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tinuously as long as the loads, 
speeds and other operating condi- 
tions remain the same. This type 
of scoring causes noise, aggravates 
pitting and eventually leads to 
complete destruction of the gear. 


The most important reason why 
scoring phenomena have not been 
adequately expressed in an equa- 
tion is our lack of specific know)- 
edge of lubrication. Supporting 
data for previous equations have 
been meager, or have not covered 
a wide enough set of variables. 
This makes purely empirical cri- 
teria acceptable only within nar- 
row limits of gear design. 

Most of these equations include 
some relation between pressure and 
sliding velocity. Use of two vari- 
ables simplifies calculation but 
causes inaccuracy. The following 
seven factors are considered as 
having significant effect on scoring 
resistance: 


1. Pressure 

2. Absolute surface velocities and 
resultant relative sliding velocity 

. Viscosity and composition of oil 

. Temperature of oil bath 

Properties of material 

. Surface finish 

. Surface treatment 


ID oe 


Since these factors are all com- 
mon variables of modern gearing 
practice, an equation must take 
proper cognizance of them to be an 
effective design tool. 

Scoring may be looked upon as a 
combination of two separate and 
distinct phenomena. The first is 
the failure of the oil film in the 
contact area. The second, which 
is visible evidence of the first, is 
the metallic welding and tearing 
that occurs. There is no conten- 
tion here that full, thick film lubri- 
cation exists between gear teeth: 
in most cases it does not. Never- 
theless, a supporting layer of oil 
in some form such as an absorbed 
film must exist and its destruction 
in the area of contact is almost in- 
stantaneous when final scoring c- 
curs. 

In an analysis of scoring, a pair 
of gear teeth may be likened to 
two rollers pressing against each 
other at some area of contact on 
their periphery, rotating in such 4 
manner as to simulate the com- 
bined rolling and sliding of gear 
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for FLUID POWER 


The most comprehensive range of types, capacities and pressures for industrial, 
machine tool, materials handling, mining, oil well and aviation applications. Also 
hydraulic motors, cylinders and valves to develop complete hydraulic circuits. 


for HANDLING LIQUIDS 


An exceptionally broad range of types, sizes and special constructions to handle 
virtually “any substance that will flow through a pipe” including: syrups, acids, 
sludges, slurries, asphalt, bunker fuel, etc. There are deep and shallow well Centri- 
fugal and Turbine types, Rotating Plunger and Herringbone Gear Pumps. 


for VACUUM PROCESSING 


High vacuum pumps for laboratory, electronic, atomic research, biological and 
other chemical processing, vacuum refining of metals, de-aerating, dehydration, 
vacuum drying, refrigeration, etc. 


HYDRECO 
GEAR TYPE PUMPS 


Reversible and non-reversible. Gear type pumps 
in exclusive FOUR- 
BOLT design... capac- 
ities from .5to 130gpm 
and operating pres- 
sures to 1500 psi... 
flange or foot mount- 
ed... furnished with 

i keyed shaft with spline 
shafts optional. Also dual and tandem models. 


DUDCO 
DUAL VANE TYPE PUMPS 


DUDCO Pumps provide a broad range of sizes 
with capacities to 120 gpm and pressures to 
2000 psi. Also 
available in mul- 
tiple units operat- 
ing from a single 
drive, Hydraulic 
motors with start- 
ing torque outputs 
to 14,000 Ib. in. at 
2000 psi. 





STRATOPOWER 
PISTON TYPE PUMPS 


Axial reciprocating piston type . . . constant or 
. variable delivery with 

capacities of .25 to 10 
gpm at nominal speeds 
of 1500 rmp with maxi- 
mum of 4500 rmp.. . 
working pressures to 
3000 psi . . .* direct 
5 p engine and individual 
electric motor driven models. 
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KINNEY 
LIQUID HANDLING PUMPS 


A complete range of sizes in Rotating Plunger 

‘ and Herringbone 
Gear Pumps to han- 
dle light or heavy 
liquids, sludges, 
slurries or viscous 
substances. Avail- 
able in plain or 
steam jacketed mod- 
els and built of spe- 
cial corrosion resistant metals where desired. 


230 PARK AVENUE 


Wilt — 


For detailed information 
on the type of pump in 
which you are interested. 


have checked. 


eee ae Ce Ce Ce Ce 


AURORA CENTRIFUGAL & TURBINE PUMPS 


Deep well, sump, drainage and condensa- 
tion return units, household water systems. 
Industrial low and high pressure liquid han- 
dling pumps. Direct motor and countershaft 
driven horizontal and vertical models. Ca- 
pacities 3 to 7500 gpm. 


THE NEW YORK AIR BRAKE COMPANY 


NEW YORK 17, N.Y. 


[-] Hydreco Pumps 
(] Stratopower Pumps 
(-] Dudco Pumps 





KINNEY 
VACUUM PUMPS 


Single stage models to produce absolute pre» 
sure readings of 10 mi- 
crons (.01 mm Hg.) ... 
compound pumps pro- 
ducing readings of .2 
microns (.0002 mm Hg.) 
or better. These Kinney 
High Vacuum Pumps are 
available in sizes for 
laboratory as well as 
high production use. 








THE NEW YORK AIR BRAKE COMPANY 
230 Park Ave., Dept. MD, New York 17, N.Y. 


Gentlemen: Kindly send additional information on the pumps | 


C] Kinney Liquid Handling Pumps 
C) Kinney Vacuum Pumps 
(] Aurora Pumps 


Tete eee eee eee eee ee eee eee eee eee ee | 














‘For DEPENDABILITY 











































The Correct Fastener for the Job 


These Erie bolts have at least 
one thing in common—they are 
designed to hold against maxi- 
mum strains imposed by pres- 
sure, temperature, or corrosion. 
They differ in material, shape 
and threading as the job directs. 
For 38 years, we have geared 
our plant to manufacture these 
unusual high quality bolts to ex- 
acting specifications. No other 
plant in the world has built more 
kinds of special bolts than Erie. 


This broad experience backed 
by a high desire to be of service 
to you is your assurance that 
Erie is ready to meet your 
special bolting requirements. 








Thin <i 
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teeth. Assuming the rollers are 
of a known material, having a 
known surface condition and finish, 
and the oil which is lubricating 
them is of known viscosity and 
quality, three variables remain 
which will score the rollers; name- 
ly, contact pressure, surface veloci- 
ty and oil supply temperature. 
Although surface temperature as 
a result of sliding and pressure has 
been implied in most formulas it 
is not adequately treated and the 
effect of bulk oil temperature has 
largely been ignored. Temperature 
alone may be the ultimate basis for 
the failure of straight mineral oils. 





Surface Temperature: In 1937, 
Professor H. Blok developed a the- 
oretical formula for instantaneous 
surface temperature that he calls 
| a “temperature flash,” which is 
based upon the conversion of fric- 
tion energy to heat. Blok postu- 
| lated that straight mineral oils 
| have a critical temperature at 





which they would fail dependent 

only upon their viscosity. His pos- 
| tulate included the premise that 
| such critical temperatures would 
limit the use of mineral oils on 
| gears. 
| In Blok’s derivation, band shaped 
| contact pattern having a parabolic 
load distribution is assumed. The 
parabolic distribution is chosen in 
place of the actual elliptic one be- 
cause of ease of calculation. The 
error is not significant for our pur- 
pose. A surface temperature pat- 
tern is formed in the contact area 
due to sliding as in Fig. 1. The 
instantaneous surface temperature 
change, T., is added to the bulk 
temperature of the material 7,, to 
form a final surface temperature, 
T,. The peak of the temperature 
pattern lags the center line of the 





























Fig. ‘1—Surface temperature pattern 
in the band of contact for gears in 





mesh 
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Here’s why 
it PAYS 
to use... 


GEARS made 


by FAIRFIELD 


MASS PRODUCTION ECONOMY— Large or 
small, you get the benefits of high production 
rates and big volume output at FAIRFIELD — 
the place where fine gears are produced to 
meet your specifications EFFICIENTLY, 
ECONOMICALLY! 


QUALITY PLUS—There is no finer recommen- 
dation for the quality of the product you sell 
than to be able to say that it is “EQUIPPED 
WITH FAIRFIELD GEARS !” 


DEPENDABLE SOURCE OF SUPPLY— Supplier 
of precision-made, automotive type gears for 
over thirty years to leading builders of con- 
struction, agricultural, industrial, marine, and 
automotive equipment. 


COMPLETE PRODUCTION FACILITIES—Unex- 
celled facilities in a new and ultramodern plant 
for producing Spur, Herringbone, Spiral Bevel, 
Straight Bevel, Hypoid, Zero!, Worms and Worm 
Gears, Splined Shafts, and Differentials to your 
specifications. 


ENGINEERING SERVICE — Fairfield engineers 
are qualified to make expert recommendations 
on your gear production requirements. Take 
advantage of the service offered. Your inquiry 
will receive prompt attention. 
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contact band width, b, an amount 
dependent upon the surface veloci- 
ties. This heat penetrates only a 
small distance into the material 
and the temperature quickly re- 
turns to the bulk temperature as 
contact passes. Blok’s original 
equation, using American termi- 
nology, is 
7, = EL Wn (Vi ~ Ved 
b _— —_ 
lav Vi + C2 V V2) 


— (se 


where K is a constant; f is the co- 
efficient of friction; W,, is normal 


load per unit length; V, and V, 


are surface velocities; C, and C, 
are constants of the materials 
which include their thermal con- 
ductivities, specific heats, and den- 
sities; and b is the width of the 
band of contact as calculated by 
the Hertzian elasticity formula. 

This equation includes three of 
the seven variables mentioned as 
having an effect cn scoring: load, 
velocity and characteristics of the 
material. If the bulk temperature 
T, is included then 


T, = T; + T2 (2) 


where T, is the final temperature 
at the surface. 

Characteristics of the material 
included in the formula are not 
meant to give a complete picture 
of the load carrying ability of 
mechanisms such as worm gears. 
The success of such gears is more 
dependent upon physical properties 
of the material, such as the ability 
to conform to a mating surface 
and possibly some factor such as 
compatability of materials. 

By thermoelectric temperature 
measurements on spur gears Blok 
was able to prove the proportion- 
ality of the instantaneous tempera- 
ture formula. In 1939, Blok, on an 
analysis of the Boerlage Four-Ball 
Extreme-Pressure Lubricant Test- 
er, justified the application of the 
critical temperature hypothesis to 
that machine. In 1950, T. B. Lane 
showed that the critical tempera- 
ture postulate worked on a simple 
two-ball scoring test machine. At- 
tempted use of the hypothesis on 
gears, however, was not very suc- 
cessful. 


Fundamental Principles: A ce!- 
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Formed pieces of tough, National Vulcanized 
Fibre, with exceptionally high dielectric strength, 
are used to make this universal coil form. It is 
expandable to conform to cores of various sizes. 










contributes to an 


National Laminated Plastics 


improved product—in universal fore ernst gt = 
coil forms for Cutler-Hammer, Inc. 










This practical use of National Vulcanized Fibre by Cutler- 
Hammer, Inc. in their wire spools is typical of the countless con- 
tributions National Vulcanized Fibre—the material of a million 
uses—makes to business and industry. 

In the electrical field National Vulcanized Fibre has been the 
standard insulation for years. It has high dielectric strength and, 
when subjected to hot electrical arcing, it evolves neutral gas 
which extinguishes arc without “‘tracking.’’ Many electric appli- 
ances find National Vulcanized Fibre to be the one best material 
for one or more of their parts. 

National Vulcanized Fibre applications, both mechanical and 
electrical, are varied and extensive. In mechanical applications 
it is desirable because it possesses exceptional tensile and crush- 
ing strength, toughness, density and resistance to wear—coupled 
with ease of fabrication. It actually improves with age; for many 
mechanical purposes it is better, more durable than metal. 

Available in various grades and colors; and in sheets, rods, 
tubes and special shapes. Write for detailed literature and engi- 
neering service information— 


NATIONAL VULCANIZED FIBRE CO. 


Delaware 



























Wilmington 

















Offices in Principal Cities 
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Heavy-duty ‘‘Backhoe"’, manufactured by 
Ottawa Steel Products, Inc., Ottawa, Kansas, 
digs trenches and square holes up to 36” wide 
x 81,’ deep. Hydraulic-actuated ‘‘elbow’’ reaches 
out over 15’, can swing in are of 130°. Four 
_ Operations are handled by two control levers. 








With the ingenious Ottawa “Backhoe”, ditch-digging is a 
cinch. This device was built for speed, accuracy and en- 
durance in digging square holes, trenches, ditches, 
graves on level or hilly terrain. Its power is hydraulic, 
co-designed by Ottawa and Hydreco engineers. The 
complete system consists of: 


7 Hydreco cylinders to actuate leveling 
jacks, swing jacks, and operation jacks, 
1 Hydreco pump, and 
2 Hydreco control valves. 
Let Hydreco engineers work with you on hydraulic control 


problems for your equipment. Write for folder on Hydreco 
Pumps, Motors, Valves and Cylinders. 
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NEW YORK AIR BRAKE CO. 
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tain basic error has been evident 
in previous investigations of scor- 
ing on gears. Scoring occurs in 
either or both the addendum and 
dedendum of the gear. Investiga- 
tion, therefore, is somewhat con- 
fined to a period in the mesh of a 
gear tooth when two pairs of teeth 
are sharing the load, or the range 
of double tooth contact at the be- 
ginning and end of mesh. When 
considering the application of any 
formula to gears there is little jus- 
tification in assuming that the 
pressure applied at the tips of the 
teeth depends only upon the ap- 
plied tangential load or torque on 
the gears. Empirical formulas 
will almost always ignore load 
sharing in this range of double 
tooth contact. Thus such formulas 
cannot be expected to work satis- 
factorily for sets of gears which 
do not have exactly the same 
errors and geometrical characteris- 
tics. 

A pair of gears having perfect 
involute profiles, perfect spacing, 
and perfectly uniform load distri- 
bution across the face of the teeth 
may be analyzed as follows. Con- 
sidering the flexibility of the teeth, 
a load curve is obtained on a single 
pair of teeth as they go through 
mesh similar to the top diagram 
on Fig. 2. The smallest load ex- 
ists at the start and end of con- 
tact since the combined deflection 
is greatest at the tips of the teeth. 






































Fig. 2—Load, surface velocities and 

surface temperatures of mating gear 

teeth with perfect involute profiles 
and perfect spacing 
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MECHANICAL 


SIZE: 1-15/16 in. diameter x 2-3/16 in. overall. 


WEIGHT: 5 ounces. 


COVER: Removable dust 
CONTACTS: 


Material: Platinum-iridium 
Gap: 0.0005 inch 


COIL: 
Type: Single winding, bobbin-wound 
Wire: Heavy formex 





CONTACT BOUNCE: None 
OPERATION: 


DIELECTRIC STRENGTH: 500 





TYPICAL APPLICATIONS 


Aociintemrwae tite New CLARE Type T 


High Frequency Impulse Relay will 
follow 2500 cycles per second with 


specifications .... 





MOUNTING: Equipped with mico-filled bakelite plug, 
to fit a standard 8-pin octal socket. 


-tight cover. 


Type: Form A (s.p.s.t., normally open) 


Pressure: 30 grams, min. (Coil energized with 
50 ampere-turns) 





COIL DISSIPATION: 0.5 watt (estimated max.) 


CONTACT RATING: 0.05 amp., mox. 50 volts ac, 
non-inductive. (estimated) 


Pull-in © 15 ampere-turns 
Drop-ovt © 12 ampere-turns 
Pull-in time @ 120 microseconds 
Drop-out time © 100 microseconds 
RATE: Will follow 2500 cycles per second; aperiodic 
to 1000 cycles per second. 
LIFE EXPECTANCY: 5 x 10° operations with zero 
contact current. 


volts, rms. 





7 
* 
© 

Pull-in current © 
7 

P e 
. 


Period without readjustment. 








0.3 hy (contacts open) 
0.35 hy (contacts closed) 


135 ohms 
10 to 12 ma, 
840 10 ma, 
40 ma. 
0.075 ma. 


LIFE EXPECTANCY: Following a 1 x 10* opera- 
tion run-in period, a life of 5 x 10° operations 
with a .075 ma. contact load over a 6-month 


life measured in billions of operations! 








J. 
+ 


View of Clare 

Type T 

High Frequency 

Impulse Rela 

with ye pans 4 Exterior view of relay 
removed ready for mounting 


Originally designed for use in an analog computer, the new 
Ciare Type T High Frequency Impulse Relay is now available for 
other applications which require a highly sensitive relay completely 
free from contact bounce and capable of a prodigious number of 
operations at extremely high speeds. 

Its pull-in time of 120 microseconds and drop-out time of 100 
microseconds enable this relay to follow up to 2500 cycles per 
second; aperiodic to 1000 cycles per second. 

In a typical application, it has a life expectancy, following a 
run-in period of 1 x 106 operations, of 5 x 10° operations with a 
0.75 ma contact load over a 6-month period without readjustment. 

To achieve its high-speed, no-bounce, and other unusual charac- 
teristics, this relay is built to extremely close tolerances, with a 
high degree of precision, under conditions of utmost cleanliness. 
This necessitated the development of techniques never before ems 
ployed in the manufacture of relays. 

Even before this first public announcement of the availability of 
this truly remarkable relay, its fame has spread. Already dozens of 
inquiries and sample orders have been received from laboratories 
and development organizations which had learned of its existence 
through the manufacturer who first applied it in a well-known 
computer. It may provide the answer to one of your problems. 

For full information on this new relay or for consultation on any 
relay problem, we invite you to contact your nearest CLARE sales 
engineer or write to C. P. Clare & Co., 4719 West Sunnyside Avenue, 
Chicago 30, Illinois. In Canada: Canadian Line Materials Ltd., 
Toronto 13, Ontario. Cable address: CLARELAY. 


WRITE FOR BULLETIN 117 
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Construction. 
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Stee! Balls Accuracy 
within .000025” 
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Balanced Retainers. 


Husky Deep 
Groove. High 
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Steel. Perfectly 
. Balanced 
Roceways. 
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The curves just below this on 
the same figure show the surface 
velocities of the two teeth as they 
pass through mesh. These veloci- 
ties are instantaneous velocities of 
points tangent to the profiles at 
the points of contact. The differ- 
ence of the two velocities is, of 
course, the sliding velocity. 

With this information, assuming 
a constant coefficient of friction, 
the instantaneous surface tempera- 
ture can be calculated for all points 
on the profiles of the mating teeth. 
The resultant temperature pattern 
is shown in the lower curve of Fig. 
2. On each side of the pitch point 
the temperature increases rapidly 
to the ends of single tooth contact. 
A sudden drop in temperature oc- 
curs when two pairs of teeth share 
the load, then a much more gradu- 
al temperature rise takes place to 
the end of mesh. This latter por- 
tion of the instantaneous tempera- 
ture curve almost flattens out near 
the tips of the teeth. 


Sources of Error 


There are several values in this 
analysis which are in need of re- 
finement. The first is an assumed 
constant coefficient of friction. In 
Equation 1 the surface tempera- 
ture is directly proportional to this 
factor. Many charts have been 
published showing the effect of 
sliding velocity on the coefficient 
of friction. Practically all of them 
are different and apparently de- 
pendent upon the test apparatus 
on which the data were obtained. 
Data taken on the coefficient of 
friction on actual gear teeth and 
on rollers show the value to be ap- 
proximately constant. This work 
is certainly not conclusive and, be- 
cause of dynamic problems of the 
test equipment above 360-fpm 
pitch line velocity, friction at 
speeds that normally occur in 
gearing could not be investigated. 

The second possible source of 
error is the lack of dependable 
values on actual stiffness of the 
teeth. These values are very im- 
portant when calculating the load 
distribution in the range of double 
tooth contact. Several investigators 
have published work on the sub- 
ject. Each gives somewhat differ- 
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MAGNESIUM OFFERS YOU 
SUPERIOR MACHINABILTTY 


Increased tool life and lower 
machining costs are possible 





Of all structural metals, magnesium is the easiest 
to machine. Heavier depths of cut and higher rates 
of feed than are used on other metals are possible 
when machining magnesium. 


With increased machining speeds, magnesium 
helps you realize savings in production costs, par- 
ticularly when extensive machining operations 
are required. 


Magnesium cuts freely, too, assuring increased tool 
life. In fact, the life of high-speed steel cutting tools 
when machining wrought magnesium equals the 
life of carbide-tipped tools on other metals. 


you can depend on DOW MAGNESIUM 





Excellent surface finish is obtainable when machin- 
ing magnesium because there is no tendency for 
metal to tear or drag. Extremely accurate parts with 
dimensional tolerances of only a few ten thou- 
sandths of an inch can be made by standard 
machining operations. 


Free Book: “MACHINING MAGNESIUM’. This fact-filled 
book will give you complete data on all machining 
operations with magnesium. It also includes in- 
formation on tool design, coolants and shop prac- 
tice. For your copy, call your nearest Dow sales 
office or write THE DOW CHEMICAL COMPANY, Mag- 
nesium Department, Midland, Michigan. 
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By Makers of RELIANCE Precision-Built MOTORS 





A QUALITY-BUILT ELECTRIC 


SPEEN ICA TOR 


TO IMPROVE YOUR PRODUCTION 





in quantities of 10 


IMPROVES 


quantity and quality 
of machine output. 





DETECTS 


machine troubles 
before costly repairs 
become necessary. 


REDUCES 


spoilage of materials 
in process. 


This sturdy instru- 
ment gives accurate speed in- 
dications between 100 and 
5000 rpm.—special scales 
available for other indications. 
Get all the facts—write for 
Bulletin A-2406 today! 


A-ll1 


Sales Representatives in Principal Cities 


RELIANCE 


ELECTRIC AND 
ENGINEERING CO. 


1079 Ivanhoe Road « Cleveland 10, Ohio 
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ent results and an analysis based 
upon them is questionable. 

A third possible source of error 
exists in calculations of the width 
of the contact band, particular- 
ly near the tip of the tooth. Equa- 
tion 1 shows that the temperature 
is inversely proportional to the 
square root of this band width. A 
wider band means a lower tem- 
perature flash. The calculations 
are based on the well known Hertz 
formula for this value, which was 
developed on rollers. Gear teeth 
are not rollers, and considerable 
error may exist near the tip of 
the tooth due to the lack of sup- 
porting material beyond the tip. 


Test Results: These possible 
discrepancies have been discussed 
for the very pertinent reason that 
mathematically analysis does not 
agree exactly with test results. Ac- 
cording to the lower curve of Fig. 
2 the temperature appears to be 
higher at the tip of the tooth than 
at the end of single tooth contact. 
The calculated difference between 
these peaks is rarely more than 30 
F. A very important observation 
from tests on 20-degree pressure 
angle gears is that the scoring 
failure is sensitive to the tempera- 
ture at the highest point of single 
tooth contact if no involute modi- 
fication such as tip relief is used. 

Scoring tests were run normally 
with the gears in half mesh. A 
fairly definite line limits the bot- 
tom of the scored area. In more 
than 90 per cent of the gear scor- 
ing tests this line was found to 
correspond to the highest point of 
single tooth contact, or just short 
of the point where two pairs of 
teeth commence to share the load. 
It was found that removal of the 
portion of the tip of this tooth had 
no effect on the scoring resistance. 
Scoring started at the highest 
point of single tooth contact and 
was apparently dependent on con- 
ditions in that area. 

On the assumption that this 
highest point of single tooth con- 
tact was normally the critical 
point of scoring for our 20-degree 
pressure angle test gears, values 
for total surface temperature were 
calculated in accordance with 
Blok’s formula for this point on all 












THE EXPOSITION 
OF BASIC 
MATERIALS 
FOR INDUSTRY 




















| JUNE 
15-19 















1953 


GRAND 
CENTRAL 
PALACE 


NEW YORK 



















NATIONAL MATERIALS CONFERENCE 
A comprehensive conference on 
materials reaching into every criti- 
cal phase of materials selection, 
product design and engineering 
will be held concurrently with the 
exposition. Top experts from 
major industries will lead confer- 
ence sessions. 






















Here’s the great new exposi- 
tion that enables you to see and 
compare all the basic materials 
in one place, under one roof, at 
one time . . . to talk to the 
country’s top materials experts 
. .. to study the latest applica- 
tions of materials new and old 
. . . to pick up new ideas that 
will spark new product design 
and product improvement 

lower costs, boost sales. It’s the 
dreamed-of show for produc: 
and materials engineers, prod 

uct development executives, 
research, production and sales 
executives, product designers, 

top executives. Write for tick- 
ets and details. 


CLAPP & POLIAK © EXPOSITION MANAGEMENT 
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How FLEXLOC locknuts 
reduce maintenance 


FLEXLOCs reduce maintenance by staying 
where you put them. Once they are 
installed, you can forget them. Service 
and inspection periods can be stretched 
safely from days to weeks. 


And FLeExtocs eliminate complicated, 
time-consuming methods of locking 
threaded fasteners. They offer faster, 
simpler application, and safer, more 
dependable locking than plain nuts and 
lockwashers, castellated nuts and cotter 
pins, or nuts and jam nuts. 


Use FLEXLocs wherever you use an ordi- 
nary nut. These one piece, all metal 
locknuts—with nothing to assemble, come 
apart, lose or forget—won’t work loose 
regardless of the vibration encountered. 
Yet they can be easily removed and used 
over and over again. FLEXLOCs are stop 
and lock nuts too. They don’t have to 
seat to lock, and they stay put anywhere 
on a threaded member as soon as the 
locking threads are fully engaged. 


You can get FLEXLOocs in a wide range 
of sizes in any quantity. Stocks are car- 
ried by leading industrial distributors 
everywhere. Write for literature and 
samples. SPS, Jenkintown 18, Pa. 


FLE;ILOc 
® 
FLETCHER Works, INC., well-known manufacturer of 


narrow fabric looms, uses FLExLoc locknuts to position 
and hold the adjustment of the camshaft. Fletcher has LOCKNUT DIVISION 


found that FLEXLOC stays tight even on this tough job. $ 


JENKINTOWN PENNSYLVANIA 


Che Gee Gleat A START FOR THE FUTURE 
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New RESISTOFLEX hose assembly... 


withstands 
medium-high 
pressures 
without wire 
reinforcement 





































































LD. Working Min. Burst Assembly Tensile 
(inches) | Pressure (psi) Pressure (psi) Stren (Ibs.) 

1% 2300 9200 900 

38 2050 8200 2500 

Wo 1800 7200 3500 

















Synthetic fibre-braid carcass and non-aging compar tube 
in Resistoflex hose provide strength for medium-high pres- 
sure hydraulic systems without need for metal reinforce- 
ments. This assures flexibility with extreme resistance to 
fatigue. These hose assemblies have high pull strength and 
long hydraulic impulse life. The compar tube also assures 
freedom from swelling and gumming due to hydraulic oils, 
and full flow through fittings. 



























TEFLON® SPIRAL BACK-UP RINGS 
Made from uniform “Fluoroflex- T” tubing 
- stress relieved before machining for di- 
mensional stability of rings. These anti- 
extrusion rings withstand —100°F to +500°F. 
Self lubricating, they eliminate abrasion on 
“O” rings, reduce friction of the assembly. 
Chemically inert and non-fraying, they 
cause no malfunctioning of other hydraulic 
system components. 


AIRCRAFT HOSE ASSEMBLIES 
“AN” types which conform in every par- 
ticular to military specifications. All sizes, 
for hydraulic, pneumatic and vacuum lines, 
as well as fuel, gas and oil lines. Assemblies 
with Resistoflex forged aluminum, com- 
pact, flanged, elbow fittings carry USAF 
and BuAER approvals. Send for AIRCRAFT 
CATALOG with full specification details. 





RESISTOFLEX | 


CORPORATION 
Belleville 9, New Jersey 


e Resistoffex trade mark for products from fluorocarbon resins.. 


416 


¢ 


Design Abstracts 





tests. Good results were found 
when considering only one design 
and batch of test gears, but 
changes in design and small differ- 
ences in the machining of a new 
batch of gears—even with the 
same cutting tools—seemed to pro- 
duce a different level of critical 
temperatures for the same oil. 

Wide variations of surface fin- 
ish are normally obtained in the 
shaving operation, unless this 
quality is carefully controlled. The 
surface finish values of the test 
gears ranged from approximately 
17 to about 27 rms microinches. 
These values of surface finish were 
obtained after the gears were test- 
ed, in the area immediately below 
the start of scoring. The measure- 
ments therefore included the im- 
provement of the surface due to 
running-in. Measurements of sur- 
face finish before the gears were 
run were found to be as high as 
50 rms microinches. This surface 
finish reduced to the 27 rms micro- 
inch value within several hours of 
running. The important criterion 
is the surface finish of the gear 
after it has run-in rather than its 
original finish. No doubt, different 
machining practices and materials, 
producing or having the same ini- 
tial surface, will reduce to differ- 
ent levels of roughness after run- 
ning for only a short time. 

The following formula was found 
to agree very well with the data: 


0.00317 (W,,) (Vi — Vo) 





1 = 
b — - =— —_ 
-— (V Vit V Vo) 


T; 


I 





LM 
Le) 


ae (3) 
where S is the surface finish, rms 
microinches. The constant 0.00317 
includes thermal properties of hard 
steel mating with hard steel and a 
constant coefficient of friction oi 
0.06. [More detailed information 
on the construction of this formula 
may be found in the original pa- 
per. | 

As is shown in Equation 3, sur- 
face finish plays_a very important 
part in the scoring resistance of 
gears. This formula has proved 
satisfactory for surface finishes 
between 7 and 27 rms microinches. 
Naturally, the formula becomes 
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Electric Motors : 
for every indust : 
ry 7 ° 

» 

When you need electric motors . . . in any rating, or ° 
frame type... one or a thousand . . . always look for S 
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the Fairbanks-Morse Seal. For over 120 years it has Chemical Processing 


stood for the finest in manufacturing integrity to 


all industry. 
Fairbanks, Morse & Co., Chicago 5, Illinois. 








Petroleum Refining 





Fairbanks-Morse totally-enclosed, fan cooled 
motor—in a complete horsepower range. 





FAIRBANKS-MORSE 


@ name worth remembering when you want the best 


ld my 
‘at 


ELECTRIC MOTORS AND GENERATORS + DIESEL LOCOMOTIVES AND ENGINES * RAIL CARS + PUMPS + SCALES ~ HOME WATER SERVICE EQUIPMENT » FARM MACHINERY > MAGNETOS 
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ASSURES DEPENDABILITY of 


GREER ACCUMULATORS 


Hydraulic components seldom get such an 
exhaustive workout during manufacture as 
Greer Accumulators. At every step on the pro- 


. duction line the accumulator parts are checked, 
Functions P ‘ergormed by double-checked, and signed for by an inspec- 
GREER ACCUMULATORS tor before the next operator will touch them. 


Finally the accumulator is cycled as a unit 


1. PRESSURE STORAGE CHAMBER to provide under simulated operating conditions. The in- 
a. Main source of hydraulic power. spector who puts his final OK on the tag will 
b. Auxiliary power source. bet his life that the accumulator will function 


¢. Emergency power source. 


properly. 
2. PRESSURE-VOLUME COMPENSATOR for 
a. Leakage compensation. If you want to know how Greer Accumula- 
b. Temperature compensation. tors can reduce the size, cost, and complexity 


3. DISPENSER OF FLUIDS and Lubricants. of your equipment, write or phone. 


4. TRANSFER BARRIER for Fluids and Gases. SEND FOR BULLETIN 
5. SHOCK ABSORBER to 


a. Absorb line shocks. 
b. Reduce pump pulsations. 











Greer Hydraulics, Inc. 


457 18th Street, 
Brooklyn 15, N. Y. 


| US. PATENTS UNDER OLEAR UCENSES 





Sales Representatives in Principal Cities 
District Offices: 407 So. Dearborn St., Chicago 5 @ 2832 E. Grand Bivd., Detroit 11 
Manufactured and distributed under license in Great Britain by Finney Presses Ltd., Berkeley St., Birmingham 1, England. 
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questionable as the value of § ap- 
proaches 55. However, as men- 
tioned before, surface finish read- 
ings that are taken before the 
gears are run are worthless. On 
some tests where surfaces were 
purposely roughened by abrasive 
blasting, a few gears were scored 
during the run-in. Others which 
had undergone the same treat- 
ment, if able to get by the light 
run-in load, would withstand loads 
up to the estimated scoring load 
without failure. A new gear would 
either score within a few cycles or 
smooth over sufficiently in the 
same length of time to support the 
load. The first hour of operation 
is a critical period for scoring re- 
sistance. 


Surface Treatment: The last 
of the seven factors affecting scor- 
ing is the influence of surface 
treatment. Some such treatments 
have shown the ability to perman- 
ently increase the scoring resist- 
ance of gears. Most surface treat- 
ments form a type of surface that 
assists break-in, such as a man- 
ganese-phosphate treatment with 
an etch on the basic material and 
a granular coating over this. Meas- 
urements of the surfaces after 
they have been run have indicated 
a decided improvement in the 
roughness, much more than is gen- 
erally gained through the normal 
running-in procedure used on scor- 
ing tests. Soft metallic coatings 
such as those produced by copper 
or tin plating treatments no doubt 
tend to flow under operating tem- 
peratures and pressures, probably 
tending to fill the lower surfaces 
of the roughened area and making 
them support a larger than normal 
portion of the load, thus obtaining 
a better distribution of pressure 
over the contact pattern. 


A note of caution should be men- 
tioned about temperatures. The 
gear blank temperature is not al- 
ways the same as the bulk oil tem- 
perature. Differences approaching 
30 F are not uncommon, particu- 
larly where an externally cooled 
jet of oil is the only source of 
lubrication. In such cases the tem- 
perature of the gear blank may 
run significantly higher than the 
temperature of the oil jet. Meas- 
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Micro Bearings Measure Up 


- - - in this Cageable Vertical Gyro 


This Minneapolis-Honeywell instrument for the stabilization and 
control systems of aircraft, guided missiles and radar scanners, 
provides pitch and roll signals as a vertical reference. 

Used in the precise caging mechanism which locks the gyro 
spindle in a predetermined attitude, Micro Ball Bearings measure 
up to every requirement for savings in friction, weight and space. 
Low friction is of particular significance, since the mechanism 
operates on only 12 watts (6 watts standby). The high dura- 
bility of Micro bearings also assures long trouble-free operation, 
minimizing the problem of combat area servicing. 

In any design that calls for economies in friction, space and 
weight, you can count on Micro Ball Bearings. They are fully 
processed to a true micro-finish for smooth, quiet operation and 
maximum wearing qualities. 


wsrnowert BALL BEARINGS 


NEW HAMPSHIRE BALL BEARINGS, INC. 12 Micro Circle, Peterborough, N. H. 
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urements of gear blank tempera- 
tures of jet lubricated gears were 
taken from a thermocouple sus- 
pended in the oil stream being 
thrown off the gear. It was felt that 
this value was much closer to the 
true gear blank temperature. When 
splash lubrication is being used 
with no external oil cooler, the 
blank temperature is undoubtedly 
very close to bulk oil temperature. 


Double Tooth Contact: Many 
scoring problems’ have been 
brought to the writer’s attention 
that indicate the critical scoring 
point is not always the highest 
point of single tooth contact. The 
effect of profile modification, pres- 
sure angle and other factors of 
gear geometry can readily change 
the scoring picture. It is neces- 
sary that more than a superficial 
attempt be made to understand 
these variations. 

A good example of scoring start- 
ing higher than the highest point 
of single tooth contact is found 
with high pressure angle gears. 
The higher the pressure angle the 
greater the stiffness of the teeth. 
This increase in stiffness produces 
a temperature at the tip of the 
tooth that is much higher than the 
temperature at the highest point of 
single tooth contact. When this 
difference becomes _ sufficiently 
great, scoring ‘will start at a point 
during double tooth contact. If 
profiles are unmodified and scoring 
does not extend down to the high- 
est point of single tooth contact, the 
probability of running into serious 
removal of material is small. 


Summary: Modification in the 
form of tip relief is rather com- 
mon practice today. Sometimes 
scoring troubles are a result of 
this modification. Suppose that the 
tip of the mating gear is relieved 
in the case of a long addendum 


pinion. This throws more load on 


the addendum of the pinion thus 
raising the surface temperature in 
that region, possibly above the 
critical temperature of the oil. 
Therefore, tip relief can either help 
or aggravate the scoring resistance 
of gears. Improvement caused by 
tip relief can only be to a certain 
extent and the amount may be cal- 
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* The gannet, largest of all North Atlantic birds 


(wing span 6 feet), is also famous as a world 
champion deep sea diver. The gannet’s 

dive is so spectacular it has been studied 
with interest by aerodynamics experts. 
Streaking toward the water like an arrow, 

a gannet in pursuit of fish will descend as 
much as ninety feet beneath the surface. 
The resulting splash sometimes rises ten feet. 
Special air cells in the gannet’s breast absorb 
the terrific shock as the bird hits the water. 
The gannet’s water-sealing and shock 
absorbing system is another wonder of nature. 





THE BIRD WITH SHOCK PROTECTION 


Minnesota O-Rings are “doughnut shaped’ packings 
used as shaft seals in air, gas or hydraulic systems. Every 
day, leading product engineers are proving the depend- 
ability and wide application of O-Rings by discovering 
new uses for these unique seals. Minnesota O-Rings are 
made from special compounds of natural or synthetic 
rubber to meet exacting product specifications for close 
tolerances and uniform quality. Hundreds of successful 
installations have been designed into such equipment as 
hydraulic rams and regulating valves . . . remote control 
mechanisms... air cylinders... water pumps. . . gasoline 
and steam engines. For prompt analysis and quotation on 
your next packing installation, send us your blueprints 
or specifications. 


% The many advonteges and applications of injection molded 
O-Rings merit your investigation. Bulletin available on request. 


Manufacturers of All Types of Small Rubber Parts 


























WS” MIMNESOrA RUBBER & GASKET COMPANY 


3630 WOODDALE AVE.,MINNEAPOLIS 16, MINN. 
AFFILIATED WITH MINNESOTA SILICONE RUBBER CO. 


MACHINE DESIGN—April 1953 





Phone WHittier 6511 
OFFICES IN PRINCIPAL CITIES 


421 










































a BS : 
Since 1918, gear buyers have known that 
they could turn to Milwaukee Gear 
for intelligent handling of their 
most difficult gear problems. 

But Milwaukee Gear is a 1953 plant 
—not a 1918 one. In its completely “7 

new plant are the skills and the [|| \ 
machines to turn out the ee 
gears you'll be using in 
1963. Send us prints and 


let our engineers help you 
solve your gear problems. 
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3844 N. Third Street 


Gears of Exery Desorption Since (HE 


Milwaukee 12, Wisconsin 





422 





Design Abstracts 













culated by assuming the peak tem- 

perature is at the highest point of 
single tooth contact in normal 
gearing. 

Professor Blok’s postulate, that 
a straight mineral oil will fail at a 
critical temperature dependent 
only upon its viscosity grade, has 
been confirmed on machines which 
are widely divergent in design, on 
balls, on rollers, and on gears. Con- 
sidering this correlation, the pos- 
tulate shows promise of becoming 
a reliable lubrication design tool. 
However, the proper use of such a 
tool is dependent upon our knowl- 
edge of the many factors which en- 
ter into it and our ability to prop- 
erly apply them to our problems. 
Purely empirical formulas, al- 
though necessary as a temporary 
design tool, are rarely expandable 
and cannot be trusted for advanced 
designs. The approach which at- 
tempts to deal with more funda- 
mental concepts is more desirable 
because of its probable expand- 
ability. Even with only fair initial 
applicability it will form a base 
which is generally added to instead 
of discarded with the advent of 
more stringent design require- 
ments. 

From a paper entitled “A New 
Look at the Scoring Phenomena of 
Gears” presented at the AGMA 
Semiannual Meeting in Chicago, 
Ill., October, 1952. 






























Controlling Wound- 
Rotor Motors 


By W. J. Heacock 


Electrical Engineer 
Link-Belt Co. 
Chicago, Ili. 


ONTACTOR control of wound- 

rotor motors has been utilized 
in machinery applications for 4 
number of years. It provides an 
average torque during acceleration 
by progressively cutting out vary- 
ing degrees of resistance in the 
secondary circuit of the motor. The 
acceleration from this type of con- 
trol is by no means uniform, and 
the peak torques contribute shock 
to the machinery. If an upper lim- 
it of torque is established for pro- 
tection of the drives, then the time 
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Prevent 
Lontammation 


PROTECT PURITY— 


in compressors 
handling foods, 


plastics, 
beverages, 
oxygen, 
etc. 

















Require no lubricant during the life of the ring... 
completely efficient lubrication is inherent in the 
rings themselves. This “built-in” lubrication employs 
no impregnations ... imparts no taste or odor, will 
not contaminate. Because oiling is unnecessary, 
maintenance is reduced and operating costs are 
lower. Morganite Self-Lubricating Rings are the 
practical solution for compressors in oxygen and 
other hazardous service. 
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@SAVES UP TO 40% 
SPACE WITH NEW 
STREAMLINED DESIGN. 


@ SUPER STRENGTH... 
EXTRA HIGH SAFETY 
FACTOR. 


@ SOLID STEEL HEADS. 


@HEAVY WALL, PRECI- 
SION HONED, HARD 
CHROME PLATED 
SEAMLESS STEEL BODY. 


@ LEAKPROOF CYLINDER 
HEAD TO BODY CON- 
STRUCTION. 


@ RELATIVE PORT POSI- 
TIONS MAY BE RO- 
TATED WITHOUT 
DISASSEMBLY OF 
CYLINDER AND LOCKED 
IN DESIRED POSITION. 


@ HEAVY DUTY, HI- TEN- 
SILE, HARD CHROME 
PLATED PISTON ROD. 


37 YEARS 
EXPERIENCE 






any Wore AAduanced Features! 
TOMKINS-JOHN 


RIVITORS AIR AND HYDRAULIC 
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T-J SPACEMAKER .. . provides additional room for 
adjacent equipment without sacrificing strength. 
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Streamlined construction of the new T-J 
Cylinders eliminates tie rods... reduces 
head size... and saves up to 40% in 
mounting space!, In addition, a new high 
in strength is achieved with solid steel 
heads and heavy wall seamless steel body 
. . - leakproof construction . . . extra 
high safety factor. 

Cylinder walls are precision honed 
and hard chrome plated for long-life 
efficiency. Available with the new T-J 
Super Cushion Flexible Seals which in- 
sure positive cushion with automatic 
valve action for fast return stroke. Many 
standard sizes and styles . . . both cush- 
ioned and non-cushioned . . . for wide 
range of pushing, pulling, lifting, clamp- 
ing or control jobs. T-J dependability. 
Fast delivery to meet rush requirements. 
Write for bulletin 8152. The Tomkins- 
Johnson Co., Jackson, Mich, 
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required for acceleration is unnec- 
essarily long because the motor 
torque falls off as the motor in- 
creases in speed on each point, thus 
leaving a lower torque margin for 
acceleration. 

How time is lost during accelera- 
tion due to this type of control is 
shown in Fig.1. The wavy line OB 
indicates the time required for ac- 
celeration under a _ nonuniform 
torque application as compared to 
the shorter time OA under a uni- 
form torque equal to the maximum 
allowable. 

Although this ideal curve cannot 
be exactly duplicated, it is closely 
approached by a system which 
Link-Belt has been using for the 
past few years with success. The 
principles involved, taken separate- 
ly, are not new, but the combina- 
tion employed is believed to be a 
new concept. 

First step in the design of this 
control is to add sufficient resist- 
ance to the secondary circuit to 
cause the motor to develcp max- 
imum torque at standstill. Usually 
the right amount of resistance js 
from 17 to 20 per cent ohms, one 
hundred per cent ohms being the 
value required to give rated full- 
load torque at standstill. 

The maximum torque of most 
wound-rotor motors is generally 
high, usually too high for the drive. 
In the conventional method of con- 
trol, the torque is reduced by add- 
ing more resistance. It takes about 
67 per cent ohms to develop 150 
per cent torque at standstill. In 
the improved system, the torque is 
reduced to the desired value, not by 
increasing the secondary resistance, 








CONVENTIONAL 











Fig. 1—Acceleration time for con- 
ventional contactor control com- 


| pared to ideal. Sawtooth curve at 


far right is acceleration curve for 
conventional eight-point control 
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“i ing Requirements. 


business and today every U. S. 
Bib e Scan Welding” component 
eit jer fusion or resistance welding 
i op a line to our Product Development 
Bamplete designing, engineering, metallurgical 
| and machining facilities and 
will be glad to put our 34 years of 
welding experience to work 


on your problem. 


ot ERICAN WELDING & MANUFACTURING COMPANY 
2 WARREN, OHIO “ 130 DIETZ ROAD 
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BALL BUSHING 


The BALL BEARING for your 


LINEAR MOTIONS 


Sliding linear motions are nearly always troublesome. Thousands 
of progressive engineers have soived this problem by application 
of the Precision Series A or Low-Cost Series B BALL BUSHINGS 


Alert designers can now make tremendous improvements in their 
products by using BALL BUSHINGS on guide rods, reciprocating shafts 
push-pull actions, or for support of .ny mechanism that is moved 
or shifted in a straight line. 


Improve your product. Up-date your design und performance with 
BALL BUSHINGS! 


ww ” 


Now manufactured for '/,", '/.", -4°, 1", 11)" and 2 
shaft diameters. 


LOW FRICTION - LOW MAINTENANCE 
ELIMINATES BINDING AND CHATTER 
SOLVES SLIDING LUBRICATION PROBLEMS 
LONG LIFE * LASTING ALIGNMENT 


Progressive Manufacturers Use Ball Bushings 
—A Major Imprevement at a Minor Cest 


THOMSON INDUSTRIES, Inc. 
Dept. E MANHASSET, NEW YORK 


Write for descriptive literature and the name of our 
n representative in your city. 


. 


i 
e Also manufacturers of NYLINED Bearings — DuPont NYLON 
a 
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but by introducing some resistance 
in the primary circuit. Since the 
motor torque is proportional! to the 
square of the impressed voltage, it 
does not require a great amount of 
resistance in the primary circuit to 
reduce the torque to the desired 
value. 

The voltage at the motor ter- 
minals has been reduced by virtue 
of the voltage drop in the primary 
resistance due to the flow of cur- 
rent in the primary circuit. As the 
motor increases in speed the pri- 
mary current decreases, which re- 
sults in less voltage drop across the 
primary resistance which, in turn, 
increases the voltage at the motor 
stator terminals: The torque of 
the motor would also drop if the 
terminal voltage remained constant 
but since the voltage is increasing 
the expected torque loss is compen- 
sated for and the torque remains al 
a constant or slightly increasing 
value. This, then, gives essentially 
constant torque up to something 
over seventy per cent of the motor 
speed. The remaining points are 
about the same as with the conven- 
tional control. 

The complete power circuit and 
resulting speed-torque characteris- 
tics are shown in Fig. 2. Only 
three contactors are required but 
four points are obtained. This is 
accomplished by using number two 
contactor twice. A conventional 
control with seven or eight con- 
tactors would not give a compar- 
able speed-torque curve. It would 
give an average torque available 
for acceleration somewhat less, 
therefore requiring more time for 
acceleration, 

In an existing application, where 
a 150 hp motor drives a heavy iner- 
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Fig. 2 — Power circuit and speed- 
torque curves for the improved con- 
tactor control system 
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READY TO HELP YOU WITH 
YOUR GEAR PROBLEMS Ci 


If you buy gears for assembling into your proc 





entire plant and staff are at your service to fur 
finest quality coupled with the kind of delivery 
coincide with your assembly requirements. ; 


We are tooled for any volume—Gear Types 
HERRINGBONE, BEVELS, MITRES, 
WORMS and WORM WHEELS, SPIRALS, HEI 
SPLINE SHAFTS, etc.—from your stock org 
complete. 


Always specify “GI” Durocase Gears for Heavy 
or Steel Mill Service. 





8 u “4 ‘ ; ; 
See our plant at work pictorially 


Write for Brochure"'A trip through Industrial” 
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Eliminates alignment problems 


Easily adapted to space, servicing and 
operating requirements 


@ Saves costs 
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With a single S.S.White flexible shaft, you can provide an 
efficient, snooth-operating power drive between any two points, 
regardless of curves, obstacles or distance. Compare this to the 
complicated systems of bevel gears, solid shafts and bearings — 
belts and pulleys — universal joints—or chains and sprockets 
that might otherwise be necessary. The advantages are obvious 
and most important in machine design— fewer parts, easier 
assembly, faster production and lower costs. 

A large selection of sizes and characteristics suit S.S.White 
flexible shafts to a wide range of drive requirements. S.S.White 
engineers will be glad to assist you in working out details. 
There’s no obligation. 


Write for the Flexible Shaft Handbook. This 256-page 
handbook bas full details on flexible shaft selection and appli- 
cation. Copy sent free if requested on your business letterbead. 
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tia load by means of V-belts, good 
comparison of this type of control 
with the conventional contactor 
control was obtained. Even though 
seven accelerating contactors plus 
the line contactor were figured to 
minimize the spread between maxi- 
mum and minimum torques, the 
time for acceleration was three min- 
utes. With the new system time 
of acceleration was cut to two min- 
utes and only three contactors were 
employed. 

No attempt has been made here 
to show the control methods util- 
ized for switching the resistors in 
and out. These vary with the ap- 
plication but are relatively simple. 
Enough of these control systems 
are now in successful operation to 
demonstrate it is not just a novelty, 
but rather that it gives a decided 
improvement in performance with 
smoother acceleration and maxi- 
mum utilization of the drive which 
is employed. 

From a paper entitled “An Im- 
proved Control for Wound-Rotor 
Motors” presented at the Fourth 
Biennial Materials Handling Con- 
ference sponsored by Westinghouse 
Electric Corp. in Buffalo, N. Y., 
October 1952. 


_ Applying Power Hydraulics 


By R. H. Fritzges 


Mack Mfg. Corp. 
Allentown, Pa. 


YDRAULIC actuation of the 

steering mechanisms of pas- 
senger cars has in recent months 
captured the interest of automotive 
designers as well as the motoring 
conscious American public. Equally 
interesting, and perhaps more im- 
portant, has been the utilization of 
hydraulic power on large buses not 
only for steering, but for all the 
other auxiliaries requiring a power 
source. A partial list of these 
power-operated control devices 
would include brakes, throttle, 
doors, windshield wipers, and the 
units that contro] shifting of the 


One 
nacho meesrmar DIVISION 
DENTAL MFG. CO. Dept. 4, 10 East 40th St. 
| y—_ NEW YORK 16, N. Y. 


Western District Office * Times Building, Long Beach, California 


automatic transmission from torque 
converter to direct drive. 

There are many reasons for se- 
lecting a hydraulic fluid as the 
working medium on automotive 
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Made of leather or rubber. 
complete mechanical seal 


stalled in sets in a recess on 


cylinder wall or piston head. Seal 
Le 


dynamic seal inside and outside. 


Male and female adapter rings 
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required meta preferred. No ex 
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panders are needed buf spring 


tension is sometimes employed 


G&K- INTERNATIONAL 


Headquarters for Original Equipment 
and Replacement Packings 
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More and more well-known indus- 
trial concerns are coming to G&K- 
INTERNATIONAL for ail their 
packings needs: Original Equipment 
and Replacement. 

Why? Because at G&K-INTER- 
NATIONAL there is no compromise 
with quality. These customers (and 
you, too) demand packings that live 
up to the specs and arrive on 
schedule. It’s as simple as that — 
but it’s not that simple. 

There are four parts to every 
packings problem: 1. The packings 
design and dimensions. 2. The mate- 
rial — leather and its impregnants, 
or basic rubbers and their formula- 
tion. 3. Developing these to meet 
exacting requirements in modern 


ss 


hydraulic and pneumatic applica- 
tions. 4. Manufacturing these pack- 
ings uniformly — and on schedule. 

The way we handle this 4-fold job 
at GkK-INTERNATIONAL pleases 
hard-to-please customers and attracts 
new ones. Come to Headquarters for 
leather or rubber packings — for 
standard types to JIC Standards, or 
for specials which we can develop 
together. 


NEW PACKINGS 

CATALOG 

More than a catalog—a 
complete reference manual. 
Covers leather and synthetic 
rubbers. Shows all types of 
packings with size data, and 
how best applied. You need 
a copy in your files. A letter [ 
will bring one promptly. 








G &kgga INTERNATIONAL 


KNIGHT 


GRATON & KNIGHT COMPANY 
Established 1851 


Worcester 4, Massachusetts 


INTERNATIONAL PACKINGS CORPORATION 
Graton & Knight Company Affiliate 


Bristol, New Hampshire 
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equipment, and a partial list of 
such reasons would include first of 
all, weight and size reduction. In 
addition, the hydraulic medium jis 
virtually incompressible and, there- 
fore positive and swift in action; 
the equipment used in hydraulic 
systems is self-lubricated and pos- 
sesses an inherent protection from 
overloading, and can be applied to 
a competitive or comparable cost 
to that of present pneumatic equip- 
ment. 

Power hydraulics received much 
attention and was used extensive- 
ly in the last World War on tanks, 
large trucks, and especially in air- 
craft where it efficiently performed 
many important and varied func- 
tions. Also, the machine tool in- 
dustry has found hydraulic power 
a willing and able servant in the 
huge presses and similar equip- 
ment so necessary to our mass- 
production methods. The benefits 
listed earlier were instrumental in 
the selection of hydraulics as the 
working medium in these fields and 
a bonus has been realized in most 
instances due to reduced mainte- 


Qne Call ar 
Ly A bus can be equipped with the 
‘Does | | t Al hydraulic system without any great 
changes in manufacturing methods 


or techniques as used on air sys- 
A tems. A weight saving of 150 
call to MD brings you direct to Metal Powder Headquarters pounds has been recorded with the 



































and closer to the answer to your Powder Metallurgy problem. hydraulic system and this does not 
include the bonus of power steer- 
For, as a pioneer in the manufacture of metal powders since ing, which counts for about 90 
1916, MD has played a large role in the development of many pounds more. 
of their uses in industry today as the only company which manu- 
factures a complete line of metal powders. This has resulted in Future Possibilities: As was indi- 


cated previously, a full pressure hy- 
draulic system provides many inter- 
esting possibilities for all kinds of 

Call on “Metal Powder Headquarters” for help on your metal automotive applications. A rela- 
powder problems. The advice and recommendations of the MD tively new field in this broad devel- 


Sales Service Department are yours without obligation. opment is that of the hydraulic 
starter which is being used expe?! 


mentally on large diesel truck en- 


MD being the first source called on to supply an extensive line of 
powders for a wide range of applications. 





METALS DISINTEGRATING COMPANY, INC. sine, Ghie cheniies aguas whieh 
Elizabeth B « New Jersey uses a pump, accumulator, and res- 
[ . ervoir in addition to a hydraulic 












starting motor, could possibly be 


Plants: 
Elizabeth, N. J.; Manchester, N. H.; 
included on a truck or bus already 


METAL P RS 
ETAL POWDE Berkeley, Calif.; Emeryville, Colif. 





METAL PIGMENTS equipped with a full pressure sys- 
tem and thus utilize a common 

Pee ; pump, reservoir, and accumulat or. 
Sut Of course, once a power source is 

eee © SER GP established on any vehicle, all of 

the controlled devices could be pow- 
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Makes automotive dreams come true 


In the automotive industry, as in countless frames, sleeves, axles, and carrier racks. 
others, OsTuco Tubing has what it takes to Leading designers and manufacturers in 
transform drawing board dreams into practical practically every field specify Ostuco Tubing, 
realities—infinite adaptability, great strength, seamless or electric welded, because OSTUCO 
light weight, and low cost. manufactures, forges and fabricates all at one 
Here are a few applications in passenger plant . . . and because Ostuco is famous for 
cars, trailers, buses, and trucks: Steering post consistent highest quality. 
columns, shock absorbers, bumper guards, mir- It will pay you to consult our experienced 
ror and light supports, piston pins, connecting engineers about Ostuco Tubing for your cur- 
rods, bearings, bushings, radiator and tank rent needs or for redesigning your products to 
fittings, exhaust parts, radius rods, seat meet future competition. 


THE OHIO SEAMLESS TUBE COMPANY 


Manufacturers and Fabricators of Seamless and Electric Welded Steel Tubing 
Plant and General Offices: SHELBY, OHIO 


From Your Biveprint . to Your Product 
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OSTUCO TUBING 


SALES OFFICES: Birmingham, P. O. Box 2021 © Chicago, Civic Opera Bidg., 20 N. Wacker Dr. 
Cleveland, 1328 Citizens Bldg. * Dayton, 511 Salem Ave. * Detroit, 520 W. Eight Mile Road, 
Ferndale * Houston, 6833 Avenue W, Central Park * Los Angeles, Suite 300-170 So. Beverly 
Drive, Beverly Hills * Moline, 617 15th St, © New York, 70 East 45th St. © Philadelphia, 
2004 Packard Bidg., 15th & Chestnut © Pittsburgh, 1206 Pinewood Drive © St. Louis, 1230 
North Main St. * Seattle, 3104 Smith Tower * Syracuse, 2350 Bellevue Ave. * Tulsa, 245 Ken- 
nedy Bldg. * Wichita, 622 E. Third St. * Canadian Representative: Railway & Power Corp., Ltd, 
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MARVEL Synclinal FILTERS 


DESIGNERS 
PRODUCTION MEN 
MAINTENANCE MEN 


The regularity with which Marvel Synclinal 
Filters are selected by DESIGNERS—PRODUC- 
TION MEN—MAINTENANCE MEN is an im- 
portant consideration for you when selecting a 
FILTER for your machinery. It tells better than 
a thousand words why you can rely on 
MARVEL Synclinal Filters for dependable pro- 
tection of liquids in all HYDRAULIC and LOW 
PRESSURE SYSTEMS. 


It’s sound business to protect the investment your 


machinery represents. Why not ask Marvel how 
you can enjoy the protection of Marvel Synclinal 
Filters—no cost or obligation to get the facts. 











La series hydraulic pumping unit man- 
eiveed byaToe, Come eo 
o., are we rv yn- 
clinal Filters. 





Model A-12 Hufford Stretch-Wra 
ing Machine manufactured by 
Marvel Synclinal Filters are instal 
as standard equipment. 


as 





wb 


Reed-Prentice injection — wr machine 
used at Superior Plastics, division of 
Commonwealth Plastics, Inc. are equipped 
with Marvel Synclinal Filters. 





Write for Complete Engineering Data—Specify oil or water 





Meets 
S55. 
Standards 
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631 A-D3 W. JACKSON BLVD. 


MARVE Ligineering (Ompany 


CHICAGO 6, ILLINOIS 


Design Abstracts 





ered by the common working me- 
dium. The mechanism that works 
dump bodies, power operated tail 
gates, winches, and similar func- 
tions could al] be operated by a full 
pressure hydraulic system. 


Safety Is Increased 


Naturally, the hydraulic power 
steering is the major justification 
for the hydraulic system, and if its 
present rate of increased usage on 
passenger cars can be considered a 
criterion, it cannot be long post- 
poned on heavy-duty commercial 
vehicles. A lot in physical exertion 
is required to steer a vehicle which 
may have a front axle load of 3!» 
tons. This latter problem has been 
recognized by bus manufacturers 
and up to a certain limit, help can 
be offered by increasing the steer- 
ing ratio. But the limit is rather 
quickly reached because to get ef- 
fortless manual steering on a bus, 
the ratio would be at a point where 
the driver couldn’t spin the whee! 
fast enough for safe maneuvering. 
The logical answer seems to be in 
adding a power source to do the 
heavy work, after which the steer- 
ing ratio can be lowered to a point 
where fast, positive steering con- 
trol is assured. If it is then con- 
ceded that this reduction in steer- 
ing effort will result in a similar re- 
duction in driver fatigue, it would 
appear that a very favorable step 
has been taken towards increased 
efficiency and greater safety on 
streets and highways. 

The steering system, of course, 1s 
thought of here as a part of a full 
hydraulic system and present indi- 
cations are favorable to its use on 
all types of automotive vehicles. It 
is generally agreed that vehicle de- 
signers are continually striving to 
make their products easier to Op- 
erate, cheaper to maintain and 
safer to use. It is well considered 
that the effective use of hydraulic 
power may result in worthwhile 
gains in all three functions—oper’- 
tional ease, less maintenance, and 
above all, increased safety. 

From a paper entitled “Total 
Control with Power Hydraulics” 
presented at the SAE National 
Transportation Meeting in Pitts- 
burgh, Pa., October 1952. 
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Above-average 
efficiency... 
-- at no increase in cost 
















Normally you’d expect to pay a premium for 
the precision found in Rollway’s TRU-ROL. 
Not so, however. These long-life steel-cage 
bearings are competitively priced. Their excep- 
tional performance and low cost are the result 
of three distinctive Rollway advantages: 


FIRST Advanced metallurgical facilities 
and mass production by modern, high- 
speed, high-precision machinery. 





SECOND [Experience since 1908—during 
good times and bad—in the practical 
application of cost-cutting methods. 


THIRD Tru-Rol’s contoured guide lips 
which insure constant roller align- 


ment and extended life. They prevent ENGINEERING SERVICE... Rollway TRU-ROL 

undue wear caused by skew, slide and Bearings are available with steel cages or steel-seg- 
ment retainers—a choice that fills a wide range of 

end-rub... encourage cooler opera- tractor requirements at the lowest possible cost. If 

you have a particular problem, contact us. A Rollway 

engineer will be available for consultation with you 

cant evenly over the rollers. —without obligation, of course. Rollway Bearing 
Company, Inc., Syracuse 4, N. Y. 


tion by spreading a thin film of lubri- 





f be —L- Lab eye oe 





i. 
bs SALES OFFICES ) 
8 £| Syracuse Houston Cleveland 
—— Chicago Detroit 
Philadelphia Boston 
j 2 eS reef | * . Toronto Pittsburgh 
__ Complete Line of Radial and Thrust Cylindrical Reller Beori os Angel 
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SUPERIOR CARBON PRODUCTS, INC. 
9115 GEORGE AVENUE « 


CLEVELAND 5, OHIO 


CARBON 
BRUSHES 








Weldments, 
Bases and 
Sub-Assemblies 



















Fabricating plate and sheet metal is the modern 
method of producing Weldments, Bases or Sub- 
Assemblies. Such welded products speed up 
production by eliminating machining opera- 
tions, make alterations easy without expensive 
pattern changes. ‘ 

To do a perfect fabricating job experience 
and modern equipment also play an important 
role, Littleford has both. Fabricating metals 
since 1882, with skilled workmen and the latest 
in shearing, forming, shaping, welding, flame 
cutting and finishing equipment is assurance 
of quality products. 

For Economy, Strength, Permanence, Adjust- 
ability and Low Cost insist on 
Littleford Fabricated Weldments, 
Bases and Sub-Assemblies. 























FABRICATORS 
or 
PLATE ANDO 
SHEET METAL 
pROOUCTS 
FOR INDUSTRY 
SINCE 18862 













LITTLEFORD BROS., INC. 
424 €. PEARL ST., 
CINCINNATI 2, QHIO 


































Communication 


Television Camera: Portable; 
completely self contained. Useful 
for remote control, hazardous in- 
spection and checking operations, 
Picture can be picked up by any 
standard television receiver. Day- 
light or normal room light are 
usually sufficient for clear trans- 
mission and reception. Electronic 
film finder and all camera controls 
are readily accessible. Installatio: 
can be made with a cable connec- 
tion between camera and receiver, 
each connected to a standard power 
source. Mounts on any standard 
camera tripod or can be permanent- 
ly mounted to fit conditions of in- 
stallation. Size of unit, 14 in. long, 
934 in. high, 45% in. wide. Dage 
Electronics Corp., Beech Grove, Ind. 


Transcription Unit: Model 2195 
includes microphone and micro- 
phone-or-instrument inputs in ad- 
dition to built-in phonograph equip- 
ment. Microphone, instrument and 
phonograph inputs have separate 
volume controls. Tone controls af- 
fect only phonograph and micro- 
instrument inputs; musical back- 
ground can be controlled without 
affecting microphone announce- 
ments. Seven-tube amplifier with 
push-pull beam power output tubes 
and a 16-in. tone arm plays rec- 
ords from 6 to 16 in. at all speeds 
from approximately 30 to 80 rpm. 
A 12-in. heavy-duty speaker mount- 
ed in the removable lid is equipped 
with a 25-ft SV cable and plug. 
Power output of unit is 10 w. Size, 
81% in. deep, 14 in. wide, 15 in. 
high. Bell Sound Systems Inc., 
Columbus, O. 


Domestic 


Refrigerators: Two 2-ft wide 
models designed for apartment and 
limited space installations. Each 
has aluminum ice trays, rust-resis- 
tant anodized aluminum shelves, 
three door shelves, full-width 
vegetable drawer, automatic in- 
terior light, adjustable temperature 
control and full-width freezer com- 
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partment which holds up to 22 lb 
of frozen food. Model LB-76 has 
7.6 cu ft capacity; defrosts manual- 
ly. Model LC-70, with 7 cu ft ca- 
pacity, features cold air circula- 
tion and automatic defrosting 
action. This model has a sloping 
aluminum baffle below the full- 
width evaporator which causes cold 
air to circulate down the back and 
around to the top of the cabinet. 
For defrosting, a sealed heating 
unit built into the evaporator is 
controlled automatically by a frost- 
limiting device. Water from de- 
frosting is channeled into a glass 
receptacle on the top shelf. Major 
Appliance Div., General Electric 
Co., Louisville, Ky. 


Food Waste Disposer: Fastens 
to sink bowl with three bolts. Neo- 
prene gaskets at drain opening and 
tailpiece absorb vibration. Tail- 
piece, made of tubing rather than 
cast metal, can be swiveled or 
turned to most convenient position 
for connection to waste line. Self- 
reversing motor action; a toggle 
switch for activating the disposer 
may be installed on the wall. Drain 
opening is 64% in. below the bot- 
tom of the sink bowl, permitting in- 
stallation to existing drain lines 
in the wall. Overall length of unit 
is 14 in. Mullins Mfg. Corp., War- 
ren, O, 


Heating and Ventilating 
Room Air Conditioners: Thirteen 


models in sizes ranging from 1% 
to 2 hp. All have hermetically- 
sealed refrigeration circuits and 
are designed for quiet operation. 
Portable console style conditioner 
can be installed in any window 
which opens. Reverse-cycle units, 
which heat as well as cool, are 
available in window and console 
types in 34 and 1-hp sizes. Modula- 
tion control, which prevents over- 
cooling, is featured with the re- 
verse-cycle units and is also in- 
cluded in a number of other models. 
York Corp., York, Pa. 


Air Circulator: Portable 18-in. 
model designed for offices, stores 
and homes. Adjustable in height 
from 28 to 48 in., floor to center 
of blades. Vertical tilt adjustment 
Permits directing air flow within 
an are of 180 degrees. Has two- 
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HERE’S HELP TO UNDERSTAND 
__eme YOUR PUMPING PROBLEMS 





























This 8-page booklet, “Studying the In- 
stallation,” is yours for the asking. It 
contains important facts you should 
know and consider, when selecting the 
proper pump, and when making an ef- 
ficient, successful pump installation. 
















Pume Company 
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where others won't! 


In close quarters, an O-M Cylinder really shines because it 
is ALL CYLINDER! The interlocking mechanism, which does 
away with tie rods and projecting end caps, means that more 
power is packed into less space. Saves up to 4 installation 
space. Also provides perfect alignment, friction-free perform- 
ance. Easier to install and repack. End plugs tapped for uni- 
versal mounting . . . with a complete range of mounting 
brackets, interchangeable bore for bore. All machined steel, 
with bearing bronze (no castings)—easily turned down to fit 
in deep recesses of machines or bases. Available in full range of 


sizes (1'4" to 8” bores) with standard, 2 to 1 or oversize rods. 
Completely interchangeable parts. 


14-DAY DELIVERY ON MOST SIZES 
PP, Send today for FREE catalog and complete 
°Z \ 


set of 4 and \-scale templates showing 


| all cylinders and mounting brackets. 


“MAIL COUPON NOW! 





! MILLER | 
| ORTMAN MACHINE CO. I 
| 1210 150th Street * Hammond, Indiana | 
| (C) Please send latest O-M catalog. | 
| CC Please send complete set of templates. ! 
j II cccrtenstncncrsnieiesidiniiiniantinaaainnninnennel 

| a cccxsncnessssctnsccncesnsviininencssnecssequencsontses l 
l SE ae ee ee ee ee ! 
! a Zone... State.............. 


ne Fi 
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speed capacitor motor; delivers 
4350 cfm of air at high speed. 
Emerson Electric Mfg. Co., St. 
Louis, Mo. 


Water Chiller: Designed to pro- 
vide a single-unit source of large 
quantities of cold water for air con- 
ditioning and refrigeration systems 
requiring between 10 and 50 tons 
of cooling. Recommended for use 
in offices, stores, hotels, shopping 
centers, hospitals and apartment 
buildings. Self contained; combines 
compressor, condenser, liquid 
cooler, controls, motor and acces- 
sories in a single factory-assembled 
and tested unit which requires only 
plumbing and electrical connec- 
tions. Heart of the unit is a multi- 
step reciprocating compressor. 
Power and water consumption is 
automatically adjusted to the de- 
mand for cooling. Compressor’s 
plastic-coated valves, lubrication 
system, shaft seal and other fea- 
tures are designed for minimum 
maintenance and servicing. The 
Trane Co., La Crosse, Wis. 


Reversible Window Fans: Switch 
controls inward or outward move- 
ment of air. Can be installed in 
either the lower or upper portion 
of double-hung windows; are avail- 
able in 24 or 30-in. sizes. Two- 
speed, split-phase motors are re- 
siliently mounted for quiet opera- 
tion. On high speed the 24-in. fan 
delivers 5000 cfm of air; the 30- 
in. model delivers 6700 cfm. Emer- 
son Electric Mfg. Co., St. Louis, 
Mo. 


Materials Handling 


Fork Lift Straddle Truck: Elec- 
trically powered; available in 2000 
and 3000-lb models. Designed for 
right-angle tiering in 5 to 6-ft wide 
aisles and for operating in elevators 
and on flooring that will not sustain 
heavier rider type electric lift 
trucks. Has three forward and 
three reverse speeds. Can lift loads 
as high as 133 in. Yale & Towne 
Mfg. Co., Philadelphia, Pa. 


Hand Truck-Trailer: Model A- 
310-326M has capacity of 4000 Ib, 
is designed to handle palletized 
loads. Equipped with simple brake 
mechanism to permit easy manual 


| |-control of truck and load when 


operating on grades. Trailer brakes 








THIS LUBRICANT 
INCREASED 
BEARING LIFE 
FROM 2 WEEKS 
TO 2 YEARS" 


—says THE GLOBE COMPANY 











ain acids and moisture, 


most harmful to ball and roller 
bearings prevails in the entire meat 
peas industry. With conventional 
ubricants, some of the bearings in our 
Roto-Cut machines did not last two 
weeks. Since using Ball Bearing 
LUBRIPLATE in machines operating con- 
tinuously 24 hours a day for over two 
years, we have not had a single bearing 
replacement.” 


For nearest LUBRIPLATE distributor, 
see Classified Telephone Directory. 
Send for free 56-page ‘‘LUBRIPLATE 
DaTA Book”’. . . a valuable treatise on 
lubrication. Write LUBRIPLATE DivI- 
SION, Fiske Brothers Refining Co., 
Newark 5, N. J. or Toledo 5, Ohio. 


REGARDLESS OF THE SIZE 





AND TYPE OF YOUR MACHIN- 
ery LUBRIPLATE 








LUBRICANTS WILL IMPROVE 





ITS OPERATION AND REDUCE 
MAINTENANCE COSTS. 








MODERN LI 


ee 


PREVENTS WEAR 1x0 
CORROSION e™ 
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OF EMC AND CYCLOHM 
MOTOR PARTS SETS? .. 


We’re not only a large family; we’re efficient, too. 
Currently we work for many of the finest manu- 
facturers in the country handling the power 
requirements of everything from electric shavers 
to portable power tools. 

EMC and CYCLOHM motor parts sets are 
put together right — built for durability, trouble- 
free service. 

Whatever your needs may be—armatures and 
fields, rotors and stators, brushes, brush holders, 
fans, you’ll find EMC or CYCLOHM motor 
parts sets to handle your job. 

If your requirements are in the range of ratings 
from 1/2000 to % h. p., check with us today. 
Write, wire or phone (Racine 2-2731.) We’ll have 
samples and quotations to you promptly. 


You CAN TELL A MOTOR BY THE 


COMPANY IT KEEPS! 


EMC Universal and Direct Current Motors 
1/1000 to 1/2 H. P. 


EMC Shaded Pole Motors 1/2000 jo 1/15 H. P. 


CYCLOHM Induction Motors 1/1400 to 1/4 H. P. 
HOWARD DEPT. MD-3 + HOWARD INDUSTRIES, INC. + RACINE, WISCONSIN 


pivisions: EMG ecectric MOTOR core.C@> crcioum MOTOR CORP. 
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On the market only 3 years 


and already 


J DEMERS 


THE REVOLUTIONARY 


_ Sier-Bath 


Flexible 


GEAR COUPLINGS 


+... a recent survey by DESIGN 
NEWS Magazine, 705 designers 
were asked fo list the manufacturers 
they would consider when specify- 
ing or buying gear couplings. Sier- 
Bath ranked third in the number of 
mentions —and only 7/10 of 1% be- 
hind the company ranking second! 










Exclusive Advantages Explain 
the Swing to Sier-Bath 


There’s no magic in this fast acceptance 
—designers are always on the lookout 
for ways to cut costs and improve their 
products. Many have learned that Sier- 
Bath Couplings allow more compact 
designs . . . cut assembly costs . . . slash 
: down-time . . . eliminate corrosion prob- 

lems . . . reduce power costs and equip- 
3/5 Usual Size, 1/2 Usual Wt. ment wear. Designer or user, why not get 
further information? Ask your Sier- 
Bath Representative or Distributor, or 


Send for New 16-page Catalog! 
e. Wustrates advantages, applications . . . gives 
sy 


tL.3 


Only 7 Parts 





complete technical data on all standard 
(shown below), sizes 7% to 6, HP 4 to per 
100 RPM. Special types and sizes to order. 





vrapmaee: Sier-Bath GEAR and PUMP CO., | 
a = eo, Ime. 
Uncoupled in Seconds 9245 Hudson Blvd. North Bergen, N. J. 


Established 1905 Member A.G.M.A, 














Also manufacturers of Precision Gears... Screw, “‘Gearex”’ and “Hydrex"’ Rotary Pumps 
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are of external contracting type 
and are applied by depressing a 
hand-operated lever located on the 
caster-end pipe rack. Couplers at 
each end of unit equip it for trailer 
duty in trackless train operations. 
Has molded-on solid rubber wheels. 
Size, 36 in. wide, 62 in. long; flush 
deck is 13 in. from floor. Mercury 
Mfg. Co., Chicago, Ill. 


Fork Lift Trucks: Diesel-pow- 
ered Model FTD50-24 and gasoline 
powered Model FT50-24 have 5000- 
Ib capacity at 24-in. load center 
from heel to forks. Available in 
standard lift heights of 72, 84, 108, 
114 and 120 in. Feature single- 
lever full-range gear shift, center- 
point automotive type steering, hy- 
draulic brakes, self-aligning lift 
cylinder. Overall length without 
forks is 88 in.; wheel base is 50 in. 
The Buda Co., Harvey, Ill. 


Towing Tractor: Clarktor-120, 
designed for aircraft manufac- 
turers, commercial airlines and 
heavy industry. Has drawbar full 
rating of 12,000 lb; powered by 
16A Chrysler engine through fluid 
coupling. Tractor has four speeds 
forward, with a maximum of 16.3 
mph; one reverse speed of 2.17 mph. 
Rear axle embodies double-reduc- 
tion gearing, with the final reduc- 
tion of the planetary type mounted 
in the wheels. Drive shaft extends 
through the tube that supports 
wheel bearings and transmits tor- 
que to a set of three planetary 
gears, each of which transmits its 
portion of the load to the wheel. 
Reaction from these gears is trans- 
mitted to a ring gear which }s 
splined to the housing. Machine 
can turn in a 127-in. radius. Low 
silhouette provides good visibility. 
Clark Equipment Co., Industrial 
Truck Div., Battle Creek, Mich. 


Fork Lift Truck: 4000-lb capaci- 
ty “Octopus” handles ordinary 
pallet loads; works as a side-shift- 
ing truck close to columns and 
walls; hauls and stacks drums and 
paper rolls and dumps, hauls and 
stacks tote-box loads. Can also 
pick up a variety of pallet s1zes 
after automatically adjusting for 
proper fork spacing. Drumloads of 
bulk material are emptied by hy- 
draulically tilting drums in 4 
vertical plane. Bales of cotton and 
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Case 
History 
M-118 


Here’s what we mean by SUPERIOR 
ENGINEERED FOUNDRY PRODUCTS... 


PROBLEM: 








~ ORIGINAL 
1. This part for an assembly line conveyor DESIGN 
was not being produced economically as 


a weldment. 


2. The part must withstand constant shock 
and rough handling of the upper hinge 
member. 





The proven principles of SUPERIOR EN- 
GINEERED FOUNDRY DESIGN were 
applied in redesigning the part instead 
of merely duplicating the original weld- 
ment design as a steel casting. Machin- 
ing of the part was done by Superior's 
machine shop. 


50.2% SAVINGS 


1. The steel casting costs less to produce 
and less machining is required because 
the hinge pin hole is cored. Superior 
delivers complete, machined units, ready 
for installation. 


MODIFIED 
DESIGN 





2. The part has the steel casting's inherent 
strength for continuous hard use plus a 
weight reduction of 7.2%. 


Total Cost of Part Reduced 50.2%. 





YOU, TOO, CAN GET SAVINGS LIKE THESE 
BY CONSULTING SUPERIOR'S PRODUCT 


DEVELOPMENT SERVICE. Courtesy of Fabricated Steel Products of Indiana, Inc. 





Remember... you benefit through correct 
design. If it can be cast, Superior's serv- 
ice develops the best design in which to 
cast if. If it shouldn't be cast, Superior's 
service develops the reasons why. 





Make your parts Superior 
Engineered Foundry Prod- 
ucts ... steel castings to 
30,000 pounds . . . malle- 
able iron castings to 300 
pounds. 





SALES OFFICES 
CHICAGO 4, 332 S. Michigan 
Ave.—DETROIT 35, 18050 James 
Couzens Highway—ST. LOUIS, 
9008 Harrison Ave., Brentwood 
11—BUFFALO, 2107 Kensing- 
ton Ave. 





SUPERIOR STEEL AND MALLEABLE CASTINGS CO. 


BENTON HARBOR, MICHIGAN, U. S. A. 








MACHINE DESIGN—April 1953 - 





when 


quality counts 
and accuracy 
is important 


Standart 


Stamping 


Write now for more infor- 
mation and for a copy of our new 
folder “There Are Holes in Our Story.” 


P-MD 
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State 
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crude rubber are lifted with a spike- 
clamp attachment. Uses three other 
attachments—a revolving semi- 
permanent head, drum clamps and 
a hydraulic drum up-ender—all of 
which are detachable. Baker-Rau- 
lang Co., Baker Industrial Truck 
Div., Cleveland, O. 


Metalworking 


Universal Grinder: Features in- 
clude unit type wheel spindle with 
antifriction bearings and sealed 
lubrication; practical wheel speeds 
of 2500, 3000 and 3600 rpm; inde- 
pendently driven internal grinding 
spindle with speed of 16,500, 24,000 
or 35,000 rpm; hydraulic table 
drive with speeds infinitely variable 
from 3 to 150 in. per minute; head- 
stock drive with speeds variable 
from 60 to 600 rpm; universal tur- 
ret providing 4-in. adjustment of 
wheel-spindle head at right angles 
or parallel to wheel slide; cross- 
feed adjustable to 0.0001-in. on 
work diameter; positive stops on 
cross-feed for either external or in- 





ternal grinding. Capacity: swing | 


over table, 10-in. diameter; dis- 
tance between centers, 20 in.; dis- 
tance between centerline of work 
to centerline of external grinding 
spindle, 2 to 11 in.; center rest 
takes work to 2-in. diameter. Also 
available are Models No. 2, 3 and 4 
with 30, 40 and 60-in. distance be- 
tween centers. Brown & Sharpe 
Mfg. Co., Providence, R. I. 


Portable Lathe: Model B-23 is 
self-contained and semiautomatic 
after initial setup is made. Has 
ten speeds from 0 to 45 rpm. Lathe 
head travels as it revolves on a 
boring bar arbor. Tool arm, ad- 
justable for diameters from 714 to 
20 in., remains fixed in relation to 
head. Design permits either ex- 
ternal or internal machining of cir- 
cular workpieces up to 20-in. di- 
ameter. Barrett Equipment Co., 
Industrial Div., St. Louis, Mo. 


Bonding Machine: Produces bond 
between lead and steel. Steel is 
first prepared by leadizing; then 
lead is applied. Will bond a strip 
of lead up to 12 in. wide by 14-in. 
thick to prepared steel. Width and 
thickness of cladding is controlled 
by regulating machine’s speed and 
by spreading or narrowing distance 


DESIGN CHANGE 
TO STEEL 
CUTS WEIGHT 307% 


ANY machine designs can be 
simplified by proper applica- 

tion of welded steel construction. 
Less material is needed since steel can 
be formed at low cost to efficient en- 
gineering shapes. Steel requires less 
machining and often eliminates such 
operations as milling and drilling 
required with conventional castings. 


At Ilg Electric Ventilating Co., 
Chicago, Illinois, changing over this 
end bracket to steel provides several 
distinct advantages. Material cost 
has been cut considerably as only 
half as much metal is needed. Also 
pound for pound steel costs less than 
gray iron. After welding compon- 
ents in a simple fixture, the only 
machining that remains is to drill 
seven holes. Former milling opera- 
tions are eliminated. 

Although half the amount of metal 
is needed with steel, the part is ac- 
tually stronger and more rigid than 
the original construction. It is easier 
to clean and paint and costs 30% 
less to produce. 







Fig. 1. Former design of 
machine part required 
milling and drilling. 
Weighed 18 pounds, twice 
as much as steel design. 


Fig. 2. Present construc- 
tion. Components are 
sheared and brake-formed 
from steel, held in simple 
fixture for welding. Bear- 
ing housing and arms are 
10 gauge metal. V eighs 
only 8% pounds, Cost i 
30% less. 


| Machine Design Sheets showing how to simplify 
| designs and cut costs are available on request. 
| Designers and Engineers write on your letterh 

to Dept. 1103. 

| 


THE LINCOLN ELECTRIC COMPANY 
CLEVELAND 17, OHIO 


THE WORLD'S LARGEST MANUFACTURER OF 
ARC WELDING EQUIPMENT 
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NEW CONCEPTS IN FINE-PITCH GEAR SUPPLY! 


ris 


St 





. AIR-FREIGHT SERVICE 


Want high-quality fine-pitch gears in a hurry? Rynel speeds them 
to you via unique private air-freight service. 


d Keeping you ahead of critical production deadlines is part of Rynel’s 
of complete design-to-delivery service. Starting with custom engineer- 
“ ing to meet your exact needs, Rynel maintains rigid quality control 
“ through every production phase — assures you high-volume, fine- 


pitch gear supply at minimum cost. 


Rynel’s private air-lift also serves you conveniently . . . swiftly 
takes you to the Rynel plant or brings an engineer to you. For 
prompt, problem-solving service—contact Rynel today. 


: Rynel supplies precision FINE-PITCH GEARS . . . for all major 
. Electronics — Aviation — Navigation applications. 

le 

5 A Rynel Engineer will visit you the same day you call. 

° PHONE STERLING 4440 


301 Miller Street e Sterling, Illinois 
Chicago Office: 4730 N. Western Avenue 
Telephone: LOngbeach 1-7111 


f = Sat 
2): ‘ol o) 4-10) -F- WHLe)) Spur @ Helical e Worm @ Worm Gear ¢ Internal 
Segment @ Sprocket @ Ratchet @ Straight Bevel 


Member of 
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CHICAGO 
6633 West 65th Street, Chicago 38, Illinois 





DETROIT 
7450 Melville, Detroit 17, Michigan 











great plants for gears and gear assemblies 


** Air-Spec”’ Quality Spur, Helical, 
Worm, Straight and Spiral, Bevel, Spline shafts, 


Gear grinding, and a customer list 





that reads like 


Who's Who in Americar Industry. 





a subsidiary of HUPP Corporation, 
Cleveland + Chicago « Detroit 


wai | 
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between its two cladding heads. 
Lead can be carried by machine in 
tubular feeds at the front, or a 
strip of lead can be laid down un- 
der the machine. Cladding heads 
melt this lead and bond it as the 
machine automatically moves 
across the plate. Unit can run 
free, directly on the steel, or oper- 
ate on a track. Can also operate 
in a tank shell if bottom carriage 
is removed, reversed and mounted 
on the top of the machine so it 
runs on an aluminum or magne- 
sium beam. Knapp Mills Inc., New 
York, N. Y. 


Internal Gear Finisher: Model 870- 
C for internal spur and helical gears 
from 4-in. pitch diameter to 12-in. 
OD. Smaller sizes can be accom- 
modated with special cutter spindle. 
Has heavy-duty dovetailed slide 
suspension for cutter spindle; cone- 
drive gearing in cutter spindle re- 
ciprocating drive mechanisms; ver- 
nier scales and dial indicator that 
reduce setup time; easily acces- 
sible change gears and controls; 
sealed electrical panels; adjustable 
power-driven knee; one-shot lubri- 
cating system for ways, knee and 
rotating parts; pressure lubricating 
fittings on cutter and work spindle. 
Uses cutters having pitch diameters 
from 3 to 6 in. Maximum stroke of 
head is 5 in. Maximum gear face 
width is 434 in.; coarsest recom- 
mended work pitch is 5 diametral 
pitch. Powered by fan-cooled 3-hp 
main drive motor, %-hp coolant 
pump motor, %-hp head movement 
motor and 14-hp infeed motor. 
Size: 4554 in. wide, 6214 in. deep, 
841% in. high; weighs 11,000 1b. 
Michigan Tool Co., Detroit, Mich. 


Lathe Attachment: Turnomat has 
capacity up to 134 in. bar stock, 
with four interchangeable heads 
which permit rapid change from 
1/32 to 134-in. stock. Can turn to 
small diameters in one plunge cut. 
Also can taper, knurl, center, form, 
thread, drill and ream. Turnomat 
Co. Inc., Brockport, N. Y. 


Multiple Drill: Special machine 
drills thirty-two 3/16-in. holes in @ 
steel part at the rate of approxi- 
mately 120 pieces per hour. Incor- 
porates eight Model HH drilling 
units, electrically interlocked with 
automatic, hydraulically operated 
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ORTMAN-MILLER SAYS... 


PAGE AND BENDI 
ELIMINATE 


MACHINING SPEED INCREASED 20% 














WITH GROUND AND POLISHED 


STRESSPROOF 







714:7- 


~ 
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When this piston rod was made from C1018, Ortman- 
Miller had trouble with warpage after machining, and with 
bending and wear in operation. By switching to Ground 
and Polished STRESSPROOF, warpage was eliminated 
and machining speed increased 20%. In addition, STRESS- 
PROOF had the strength to prevent bending, and wear 
became no problem. 

STRESSPROOF has improved quality and lowered costs 
in hundreds of similar applications because of its unique com- 
bination of four qualities in-the-bar: (1) High Strength, 
double that of ordinary cold-finished shafting; (2) Machin- 
ability, fully 50% better than heat-treated alloys of the 
same strength; (3) Wearability, without case hardening; 
and (4) Minimum Warpage. STRESSPROOF is available 
in cold-drawn or ground and polished finish. 


STRESSPROOF makes a better part at lower cost. 
This piston rod, made by 
Ortman-Miller Machine Co., 
Hammond, Ind., for their 
hydraulic cylinders, is ma- 
chined from Ground and 
Polished STRESSPROOF. 


SEND FOR... 
Free Engineering Bulletin 
“New Economies in the Use 
of Steel Bars” 


























‘ 
: La Salle Steel Co. 
; 1426 150th Street 
: Hammond, Indiana 
: Please send me your STRESSPROOF Bulletin. 
' 
N 

A STEEL co.'“"" 
; Title 

Manufacturers of the Most Complete — { Company. 

Line of Carbon and Alloy Cold-Finished $§ address. 
and Ground and Polished Steel Bars in America. : Cine i sie 
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There's a 


*“Dyna-Line 
FLEXIBLE COUPLING 


to FIT YOUR DRIVE! 
/  ~/-s 
@)| 1/15 to 1-1/2 


Horsepower 


oes 


Min. Length 
1” to 2-3/3” 


a 


Lengths to 
Your Drive 
Design 
Needs 


a 








- = 4 


seciry Guardian 


FOR BEST PERFORMANCE 
OF YOUR EQUIPMENT... 


*Exclusive Guardian Dyna-Line construc- 
tion produces a superior one-piece flexi- 
ble power connector by joining the three 
components into one unit while they 
are spinning and held in dynamic align- 
ment. 


In these couplings, the length of Flex- 
Element specified enters the function of 
needed adjustment to misalignment, or 
of added torsional damping. Exceptional 
lateral flexibility with minimum stresses 
imposed and torsional stability retained 
are controlled design features. 


Exclusive manufacturers of the Guardian 
Splined Sleeve Coupling (now with Silent 

ension), for years the standard coupling 
for the Oil Burner Industry. 










Write for C-102 
Catalog Page, also 
Drive Data Form (@ 


#53 for coupling 
recommendations. 





PRODUCTS CORP. 


COUPLING DIVISION 


Dept. IC-M, 1215 E. Second Street 


Michi Indiena 


gan City, 
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clamping and indexing. Operator 
places part on a fixture and presses 
switch. Part is automatically 
clamped and eight holes are drilled 
simultaneously at each of four in- 
dexes. Part unclamps automatical- 
ly. Govro-Nelson Co., Detroit, Mich. 


Die Tryout Press: Capacity, 100 
tons. Has 6-in. stroke; operates at 
50 strokes per minute. Head can 
be released and rotated to any 
point up to 240 degrees; operator 
can barber, spot, shear, fit and fin- 
ish both punch and die without 
removing die from press. Drive 
mechanism is housed in base and 
pulls head down. Electrically con- 
trolled clutch permits inching, 
single stroke, continuous operation 
and forward or reverse operation. 
Floor space required, 75 by 84 in.; 
height, 82 in. Alpha Tool Works, 
Detroit, Mich. 


Centerless Grinder: Model TG- 
123 handles 1/16 to 1-in. diameter 
straight or contour work. Toler- 
ances to 0.0003-in. can be held. In- 
finitely variable speed drive pro- 
vides regulating wheel spindle 
speed range of 30-480 rpm. Grind- 
ing wheel spindle is mounted in 
preloaded, permanently lubricated 
superprecision ball bearings. Cool- 
ant tank is a separate unit mounted 
on large casters. Floor space re- 
quirement of machine alone is 23 
by 36 in. Royal Master Metal 
Products Co., Riverdale, N. J. 


Hydraulic Tracing Attachment: 
For use on any Jones & Lamson 
ram or 7A saddle universal bar or 
chucking machine for general trac- 
ing, multistep shaft and contour 
work. Powered by differential cyl- 
inder. Tool-carrying slide is mourt- 
ed on a 45-degree angle with the 
spindle axis. Cylinder stylus and 
cutting tool are mounted on the 
back of the cross slide on a bridge 
type carriage. Attachment can be 
used for turning tapers; also pro- 
vides facilities of a turret lathe on 
a profiling lathe. Jones & Lamson 
Machine Co., Springfield, Vt. 


Flame Cutter: Three-spindle ma- 
chine for producing gears and 
sprockets. Jury spindle attach- 
ment makes possible production of 
sprockets or gears larger than the 
machine itself. Multiple-spindle de- 
sign permits automatic production 




















Light-duty Model 
0440 shown. V4 to 14 
HP, 2 to 5.6 CFM, 7 
to 20 PSI. Direct or 
V-belt. 


Heavy-duty Model 
1065 shown. V3 to 2 
HP, 3.8 to 21 CFM, 
10 to 30 PSI. Direct or 
V-belt. 





V-belt Dual Chamber 
10 x 1040. 9 CFM each 
side, vac. to 20”, 
pres. to 20 Ibs. 


Integral Motor— 
Pump Model 0210, %4 
HP, 1.3 CFM, to 25 


| V 


better appearance 
better performance 


FOR YOUR 
PRODUCTS 


with rotary-vane 


GAST air 
COMPRESSORS 


MANY SIZES, TYPES 








Offer your customers better perform- 
ance, better appearance! Specify Gast 
rotary-vane Air Compressors as origi- 
nal equipment on products where com- 
pressed air of 10 to 30 lbs. is needed. 
Select from 1.3 to 24 CFM range — 
numerous sizes and combinations. Pre- 
cision built; integral-motor, V-belt or di- 
rect drive models; standard accessories. 


\S] 


Investigate! See why 
Gast Air Compressors 
give you specific advan- 
«wie Orr tages for aerating, atom- 
izing, blowing, liquid displacing, ete. 


Write for Catalog and Application 
Ideas Booklet! 


Original Equipment Manufacturers 
for Over 25 Years 





AIR MOTORS » COMPRESSORS - VACUUM PUMPS 


(TO THREE HP.) (TO 30 485.) (10 28 a 
GAST MANUFACTURING CORP, 109 Hinkley St, Beaton Harber, 
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TUBE REDUCING 


CORPORATION 


WALLINGTON, NEW JERSEY 
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Standard 
Pumps 
for Custom 
Applications 


ats 
puMP capacit® -_ eet ond moron Ost 


grieve MODE 
xy MOTOR: 
we 4 


IMPELLER TYPE 


from 0 to 174 gpm 
850 to 3450 rpm 


Types available: 


Reversing 
Non-Reversing 


Built with 
Autom 


an molete ¢ ge} 


Pioneer Pump 


Division ot 


Detroit HARVESTER 


Company 


19652 JOHN R STREET 
DETROIT 3, MICHIGAN 


a | 
wood 
1 | ing equipment. Carriage is adjust- 

| able for welding speeds of 4 to 60 | 
| rpm on its horizontal track. Jig’s | 
end opening or gap permits welding 
'| all longitudinal 
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of three gears or sprockets at a 
time in diameters up to 15 in.; two 
at a time up to 25-in. diameter. 
Automatically produces over 300 
shapes and sizes of teeth, 5 to 200 
teeth per wheel, in 3 to 108-in. di- 


ameters. Cogmatic Co., Milwaukee, | 


Wis. 


Welding Unit: Consists of work- | 
clamping jig, power-operated weld- | 


ing head carriage and Heliare weld- 


seams of any 


| | formed item. Accommodates stock 


| | sure from 5 to 60 lb, depending | 


ranging from 28-gage sheets to 14- 
in. plates and is adjustable in pres- 


upon material. Can be converted 


| to Heliare spot welding, producing 
welds capable of withstanding 300 | 


to 900 psi pressure. McHale Mfg. 
Co., Los Angeles, Calif. 


Pedestal Tool Grinder: Available 
with either 8-in. grinding wheels 
and %-hp motor or with 10-in. 
wheels and 34-hp motor. Motor is 
in base instead of between grind- 
ing wheels, which provides large 
work space around each wheel. 
Quiet, vibration-free running is ac- 
complished with sealed ball bear- 
ings and fully enclosed V-belt drive. 
Large shields provide optical pro- 
tection at each wheel; operator 
need not raise shield to see work. 
Two concealed lamps in each shield 
provide light for freehand precision 
grinding. Size, 4914 in. high, 18% 
in. wide, 201% in. deep. South Bend 
Lathe Works, South Bend, Ind. 


Packaging 


Heat Sealer: Automatically forms 
two sheets of heat sealing material 
around products, seals the four 
sides, cuts off and delivers a com- 
pletely sealed package. Makes 
packages from 1 in. square by %- 
in. thick to 6 in. square from ma- 
terials such as cellophane, foil, 
glassine, heat-sealing kraft, etc. 
Speed, up to 40 packages per min- 
ute when products are hand fed. 
Attachments, including belt, tur- 
ret, hopper and other units avail- 
able for automatic feeding. Pow- 
ered by 1%4-hp motor; has thermo- 
statically controlled heat. Size, 2 


Standard 
Pumps 
for Custom 
Applications 


* RTs 
. iy CHA a 
pumP CAPAC get ond 


POSITIVE DISPLACEMENT 
TYPES 
from sg to 60 gpm 
200 to 500 rpm 


Types available: 


i Deal-less 


peal an 
Get catepe-) am \/lelcobam leltbetccre 


Belt and Motor Base 


Im OQ ; ’ 
, olandard 


12) | ee” 
f-Priming Auxiliary 


for Com 


Pioneer Pump 
Division of 


Detroit HARVESTER 


Company 


19652 JOHN R STREET 
DETROIT 3, MICHIGAN 
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Arbor 


Spindle 
Assembly 


on Polishing 
Machine 





In 1937, this arbor spindle was 
constructed and put into opera- 
tion. It has been running con- 
stantly since then . . . through 
World War II and the present 
Defense Era. By means of various 
puiley and belt combinations, it 
has a speed range from 585 to 
10,000 r.p.m. on the arbor spindle 
pulley. The assembly is equipped 
with grease-lubricated ball bear- 
ings ... none have been replaced. 

Maintenance problems were practically eliminated by 
the careful selection and arrangement of the right bear- 
ings on this installation . . . and the assembly’s service 
life was extended materially. Here is a typical example 
of the Fafnir “attitude and aptitude” ...a way of look- 
ing at bearing problems from the user’s viewpoint, an 
aptitude for coming up with the precise bearing to fit 
the need. Maybe this combination can help you find a 
better, cheaper way to use bearings. The Fafnir Bearing 
Company, New Britain, Conn. 





*Fafnir Standard Duty Pillow Blocks 

incorporating Fafnir Wide Inner Ring Bearings 
with Mechani-Seals are used in addition to Fafnir 
Felt Seal type Ball Bearings and Fafnir Double Row Bearings 
which provide increased axial and radial rigidity in limited space. 
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Widely Used Where Ordinary 
Oil Lubrication Is 
Impractical or Impossible. 


EXCELLENT DURABILITY © CONSTANT 
CO-EFFICIENT OF FRICTION © APPLICABLE 
OVER A WIDE TEMPERATURE RANGE 
soupiries on cansomizes @ OPERATE DRY, OR AT 
HIGH SPEEDS SUBMERGED IN WATER, 
GASOLINE AND OTHER LIQUIDS © EXCEL- 
LENT FOR CURRENT-CARRYING BEARINGS 


GRAPHALLOY materials are also in wide use for oil- 
free, self-lubricating piston rings, seal rings, thrust 


washers, friction discs, pump vanes etc. 


OTHER GRAPHALLOY BRUSHES 


PRODUCTS 





For applications requiring low 
electrical noise, low and con- 
stant contact drop, high current 
density and minimum weer. 
Used for SELSYNS, DYNA- 
MOTORS, SYNCHROS, ROTA- 
TING STRAIN GAGE pick-ups 
and many other applications. 


Brush Holders and Coin Silver 4 Pe 
Slip Rings also available. 


GRAPHITE METALLIZING CORPORATION 


1045 WEPPERHAN AVENUE + YONKERS, NEW YORK 


CONTACTS 


a Please send date on Grapholloy Oil-Free BUSHINGS. 
a Send date on BRUSHES ond CONTACTS. 





NAME & TITLE 


COMPANY 
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ft wide, 3 ft long, 3 ft high; weight, 
500 Ib. Pak-Rapid Inc., Philadel- 
phia, Pa. 

Stapling Machine: “Staple King,” 
designed for simultaneous closing 
of tops and bottoms of center slot- 
ted cartons and partial or full over- 
lap cartons. Production rate is 
more than 350 per hour. Retract- 


| able anvil feature permits closure 
| from the outside after cartons are 


| heads. 


filled. Machine is air operated and 
semiautomatic. Stapling heads are 
operated by a foot pedal. Can be 
set for concealed stapling—staples 
are clinched approximately two- 
thirds of the way through the car- 
ton wall. Adjustable roller table 
guides cartons toward stapling 
Machine automatically ac- 
commodates cartons up to 5% in. 
high; an adjustment sets machine 
when variance is greater than 514 
in. International Staple & Machine 
Co., Herrin, Il. 


Portable Tools 


Band Saw Blade Welder: Butt 


_ welds all blades from 1/16 to %- 
| in.; permits range of work from in- 


internal tool and die to 
Has built-in 


tricate 
power cut-off saws. 


| grinder to remove flash from the 


weld, as well as a double gage for 
checking thickness of weld on flat 
saws. Portable, but has removable 
back plate to facilitate permanent 
installation. Size, 734 by 12 by 7 
in.; weight, 31 lb. Brennen Mfg. 
Co., Brooklyn, N. Y. 

Impact Tool: Runs and removes 
up to 5-in. bolts, taps and threads. 
Can also be used for ordinary drill- 


| ing, reaming, screwdriving or draw- 


ing, hole sawing, wire brushing, ma- 
sonry drilling and wood boring. Mo- 
tor runs continuously and cannot 
be burned out, for as soon as the 
torque load on the drive spindle 
builds up to a certain point, rotary 
action is changed into 2000 sharp 
blows per minute. Normal clock- 


| wise rotation can be reversed by 
| turning the rear end cap. Weight, 
| 634 lb. Servad Inc., Indiana, Pa. 


| stranded or solid wire. 


Hydraulic Crimping Tool: Crimps 
heavy-duty solderless terminals to 
Has inter- 
changeable die inserts for eight 


| wire sizes from No. 8 to 4/0. Tool 


head, in which crimping dies are 











4%) 


No Room 


for a Clutch 
* on your 


~ INDIRECT 
2. 





There will be if you use a 


CENTRIC BVI 
CENTRIFUGAL 
CLUTCH-COUPLING - 


that fits into the same space occupied 
by a standard pulley —for the CENTRIC 
BVI is inside the pulley. On indirect 
and dual drives BVI solves the problem 
of a “tight squeeze.” 


CENTRICS are the 
Clutch Couplings with 
shoe arrangements for 
controlled acceleration. 
They have definite in- 
ternal, exclusive ad- 
vantages for 


Smooth Cushioned Starts 
Accelerated Running Loads 
Protection Against Overloads 


Two available types from fractional to 
2,500 H.P. Motor Type with outer and 
inner shoes for perfect drive control; 
Dual Drive Type with predetermined 
engagement for independent operation 
of either side of a dual drive arrange- 
ment—working on a spring controiled 
shoe principle. 


Send For Bulletin ann 


CENTRIC CLUTCH 


COMPANY 


— 
P.O. Box 175 
Main St. & State. Route 35 








WoopsrioGe, New Jersey 
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materials first assume the shape of pis- 
ton rings. Strict quality control assures 





. where top-quality raw 


uniformity of product. a 
wr 


Machine Shop ... 
conceivable size and type of ring is pre- 
cisely machined to specification. 


Chrome Plating . . 


where every 


Chrome. 


i 


e ° > § 
i ak 
Koppers Piston Rings “> 


are best for industry 
oe — 3 








. where Kop- 
pers uses the famous Van der Horst 
Process to coat rings with Porous 


Centrifugal Casting .. . an exclu- 
sive Koppers process that increases the 
strength of rings up to 4 times that of 
ordinary rings. 


Engineering & Research... 
where constant testing, checking and 
experimenting result in better and bet- 
ter piston rings. 


Engine Testing .. . where Kop- 
pers Rings are tested under far more 
severe conditions than they will ever be 
subjected to in ordinary use. 


OPPERS manufactures piston rings in every 

size, of every type, for every conceivable pur- 

pose. Koppers has the solution to every ring prob- 

lem, whether in gasoline or diesel engines, com- 

pressors, hydraulic presses, steam locomotives or 
any other industrial or aircraft applications. 

Koppers engineering, research and manufactur- 

ing facilities are responsible for recent important 

piston ring developments, K-Iron® 

and Porous Chrome*. K-Iron is 

a high-grade, closely-controlled 


material that imparts superior wear properties to 
piston rings and is surface treated chemically as an 
anti-scuffing aid. 

Koppers Porous Chrome Rings hold and distri- 
bute oil during the break-in, quickly wear to best 
possible seating, cut cylinder wear up to 50%, 
last up to 4 times as long as ordinary rings! 

* Van der Horst Process 
Write, wire or phone us for experienced help 
with your problems. Koppers Company, Inc., Piston 
Ring Dept.,1574 Hamburg St., Baltimore 3, Md. 


Koppers American Hammered 
Industrial Piston Rings 


Only KOPPERS can furnish K-Spun® and Porous Chrome! 
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_ OIL HARDENING TOOL STEEL © 
7 | > 
= WL offers “ Whelco” M-—a tool steel of maximum = 
a toughness, hardness and strength —a steel to assure = 
an maximum results at low cost! “ Whelco” combines = 
— =m 
= great penetration of hardness, great toughness at : 
© 
_ high hardness, wide hardening range, fine grain 
© structure, and desirable non-deforming character- 
a istics.  Whelco”’ has good forging properties and is 
wm 


readily machinable in the annealed condition. All WL 
warehouses stock “ Whelco”’ M tool steel in a wide 
variety of flats and squares. Call your nearest 
WL man for a trial order —the results will speak for 


themselves! 


WL steels are metallurgically constant. This 


guarantees uniformity of chemistry, grain size, hard- 





enability —thus eliminating costly changes in heat 






treating specifications. 


HUNDRED YEARS OF CONTINUOUS 









Write today for your FREE COPY of the 
Wheelock, Lovejoy Data Book, indicating your 
title and company identification. It contains com- 
plete technical information on grades, applica- 
tions, physical properties, tests, heat treating, etc. 


WHEELOCK, 
LOVEJOY | ter 


tAMERIDGE « CLEVELAND 
CHILAGG + HILLSIDE, N.J 
DETROIT « BLEFFALO 

cin NNATI 





SINIWIYINOIY JONVNILNIVW GNY WOOY 1001 











OVER ONE 


& COMPANY, INC. 


In Canadi 
SANDERSON. NEWROLLD, LID MONTREAIT 


and AISI 


and Cleveland « Chicago «+ Detroit 


133 Sidney St., Cambridge 39, Mass. jijcige yj. © Bullale © Cincinnali 
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inserted, has spring-loaded latch, 
rotates 360-degrees axially. Stand- 
ard equipment includes a cradle for 
use on a bench. Tool can develop 
12 tons crimping pressure. Air- 
craft-Marine Products Inc., Harris- 
burg, Pa. 


Drill: “Mighty Midget” has ca- 
pacity of %-in. Available in six 
standard chuck speeds ranging 
from 600 to 5000 rpm. Features 
include balanced design, pistol grip 
handle, polished aluminum housing 
and a three-jaw geared chuck with 
rubber-flex chuck key. Operates 
on either ac or dc, 60 cycles or less. 
Stanley Electric Tools, New Brit- 
ain, Conn, 


Power Plant Equipment 


Engine-Generator: Models 3030- 
X Storm Master, designed to pro- 
vide standby emergency power. 
Mounting ‘base consists of four 
slotted channels arranged in sets 
of two at right angles to each 
other, thus providing a transverse 
mounting system with infinite ad- 
justment within the limits of the 
frame dimensions. Many different 
makes and models of engines can 
be accommodated. Wincharger 
Corp., Sioux City, Iowa. 


DC Power Source: Provides con- 
stant voltage dc power for all types 
of automatic welding. Features au- 
tomatic maintenance of desired pre- 
set arc voltage, regardless of fluc- 
tuations in arc length; high effici- 
ency and high power factor which 
subsequently reduces input power 
requirements; simple installation, 
operation and maintenance. Models 
rated at 500 and 1000-amp contin- 
uous duty are available for sub- 
merged arc, inert gas and manually 
operated automatic welding. Oper- 
ate on either 240 or 480-v, three- 
phase, 60-cycle ac. Glenn Co., Oak- 
land, Calif. 


Portable Power Supply: For in- 
door or outdoor use. Completely 
controlled by electric brakes and 
clutches. Has Warner pushbutton 
control system. Operates pumps, 
compressors, generators, hand 
tools, and any other machinery 
which can be transported. Has 
1500-w output; operates on either 
110-volt current or an independent 
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IND IVS. 


) Edge Position Control 


Remember the hardest job of web guiding you 
ever saw? Was it winding up a coil of steel that 
weighed 100,000 pounds? Was it handling a 
scrim or tissue as delicate as a cobweb? Was 
the material loaded with lint or dust or clay or 
tar? Or moving a mile a minute with runouts 
of an inch in every lap? 


Askania Edge Position Control takes all these 
problems in stride. And it does a better control 
job with the everyday problems, too, for the 
same reasons that make it the only good control 
for the tough ones. 


Askania Edge Position Control is simple. Easy 
to design into existing equipment. Compact and 
easy to install. 


It’s versatile. Controls any material handled in 
webs: paper, plastic, foils, textiles, metals, rub- 





guide tissue paper or steel strip ... with a breath of air 


ber, or anything else. Control range can be as 
great as your own equipment allows. 


Askania control is non-contact. All that touches 
the moving web is a breath of air. 


it's powerful. The Askania Jet Pipe puts out 
enough controlled hydraulic power to handle 
the heaviest mill rolls with ease. 


You can depend on it. Askania Edge Position 
Control uses the same kind of equipment that 
heavy industry relies on for the most exacting 
control jobs. 


It’s easy to maintain. Almost never needs atten- 
tion; no special skills necessary to understand 
it and take care of it. 


Let Askania specialists help you analyze your 
web guiding problem. Write for Bulletin 141. 
It contains full information about Askania Edge 
Position Control. 


27M E. Ontario Street, Chicago, Illinois 
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| The Superiority of 


Periflex Packings 
begins with / 
Mold En 


Let us send our 
new catalog list- 
ing mold data. 


Sufficient interference to produce an 
efficient seal and at the same time 
minimum frictional drag on moving 
surfaces has been accomplished by 
Periflex. Careful attention is given 
in our shop to maintain close toler- 
ances and special design features in 


mold manufacture. 


Periflex 
Inc. 


HAZEL PARK e« MICHIGAN 
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New Machines 





6-volt system. Normally is towed 
by a small truck, can be towed by 
hand for short distances. Surgie 
Equipment Corp., New Orleans, La. 


Processing 


Metal Treating Furnace: DQ 300 


combination draw-quench unit for 


both scale-free tempering and con- 
trolled oxidation tempering from 
400 to 1400 F. Fully automatic; 
has its heating chamber separated 
from combination cooling chamber 
and quench tank by a sealed inside 
door. Controlled endothermic at- 
mosphere provided in both heating 
and cooling chambers. Parts do 
not contact air during tempering. 
After completion of heating cycle, 
intermediate door opens automati- 
cally and chain-driven rods move 
into heat zone, contact the load 
with cam-actuated arms and trans- 
fer the trays to the quench rack. 
Tray rack holds work for atmos- 
phere cooling or lowers it for oil 
quench. For controlled oxidation 
or blueing, a predetermined quan- 
tity of water is admitted into fur- 
nace during part of the heating 
cycle. Size of hearth, 2 ft wide, 
3 ft deep, 1 ft high; overall size, 
4 ft, 8% in. wide, 18 ft, 6 in. long, 
9 ft, 4 in. high. Jpsen Industries 
Inc., Rockford, Ill. 


Core Blower: Model 103 will blow 
and draw eight cores in a box with 
a 5'4-second machine cycle. Has 
fully automatic cycle control ac- 
complished with a hydraulically- 
controlled air timer. Stationary 
magazine assures perfect alignment 
of core box. Blower has large 
throat opening to permit smooth 
flow of sand from supply hopper, 
eliminating danger of clogging. 
Wm. Demmler & Brothers, Kewa- 
nee, Ill. 


Flush-Out Machine: For testing 
and washing sand and chips from 
semi-machine cylinder heads. Cyl- 
inder head is placed in one side of 
machine, tripping limit switches. 
Operator presses buttons, fixture 
closes, and water pressure is auto- 
matically applied to fixture and 
forced into all unsealed openings in 
cylinder head. Water is under 
pressure said to equal a three-inch 
stream forced 90 ft into the air. 
Turner Bros. Inc., Ferndale, Mich. 


tolerances 
finer than 
spider-silk! 





Ground to be round... 
round all over . . . within 

ten-millionths of an inch. 
Universal Precisioneered Balls 

are as accurate as the 
fixed stars! Mirror-smooth 

with minimal torsional 
resistance for oscillating 

conditions. Silent in 


operation at high speeds. 


Quality-controlled 
Universal Precisioneered Balls 

of chrome and stainless 
steel are universal favorites. 

We also produce balls 
from bronze, aluminum, 

and other materials . . . 
all 100% inspected, 

all individually gauged. 


For special instrument 
applications, we produce 
balls guaranteed accurate 


within .000005”. 


Universal 
Ball co. 


WILLOW GROVE 
MONTGOMERY CO., PA. 
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